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Journal of Siberian Medical Sciences siBsieTcst mpeeMHUKOM KypHaia « Meaununa u obpazoBanue B Cubupu» (roz usma-
HUs 2006). Perennem npesuguyma BAK PO jxypHas BKJIIOUEH B I€peYeHb [IEPUOIUIECKUX UBJaHUH, PEKOMEH/I0BAHHBIX
JUIS TyOsinKanuu paboT concKaTesiel yUeHbIX CTeleHeH.

JKypnau 3aperucrpupoBat B ®eziepanbHoi ciy»k0e 1o Hagzopy B cdepe CBA3H, HHPOPMAIMOHHBIX TEXHOJIOTHH U MACCOBBIX
koMMmyHuKaIui (PockomHai30p). PerucrparpionHoe csujereaberBo [T Ne @C 77-72398 ot 28 deBpast 2018 .

Kypuain unnekcupyercs B PUHII, 3aperucrpuposas B CrossRef ¢ 2018 1., Bce cTaThy HHAEKCUPYIOTCS € TOMOIIBIO IIUMPO-
Boro naeHTuduxaropa DOL.

Pepakuus xxypHaia co6II0/1aeT IPUHITUIIBI MEK/YHAPOAHOU opranu3anuu « Komurer o uszmarenbekoit atuke» (Committee
On Publication Ethics — COPE).

Cratby, Ipe/iCTaB/IeHHbIE K IIyOJIUKAIUY B JKypHaJle, IPOXOAAT He3aBUCHMOE PelleH3UPOBAHUE U IPOBEPAIOTCA HA OPUTH-
HasbHOCTH. [IpHu mepeneyaTke MatepuaioB u3 skypHaia Journal of Siberian Medical Sciences ccpiika Ha HCTOYHHK 065132~
TeJIbHA.

2Kypnan pacnpocrpansercs 6ecruiaTHo. Teppuropus pacnpocrpaHenus: PO, crpanst CHI, 3apyOeskHbIe CTpaHBI. JJIEK-
TpPOHHas Bepcusi (AHHOTHPOBAaHHOE COZIEPIKAHKE) TOCTYIIHA [0 afpecam: http://jsms.ngmu.ru, https://elibrary.ru
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3.1. KIMHUYECKASI MEOULIMHA

Abpamosuu C.I'., i-p Mefi. HayK, pod., 3aB. Ka-
denpoii pusnorepanvy v Kypoprosioruy, IpyT-
CKasi roCy/IapCTBEHHASA MEJUIIMHCKASA aKaIeMUs
MOCT/AUIUIOMHOTO 00pasoBanusi — dpuman Poc-
CHICKOM MEJTUITTHCKOM aKa/IeMUH HEIIPEPHIBHO-
ro rpoceccroHaibHOro 06pazoBans (IPKyTCK)
bummep H., 1-p MeUIUHEL, IPod. AenapTa-
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ckuii yausepceureT (BapHaysr)

Kosanenxo A.B., i-p MeJi. HayK, Ipo@., 3aB. Ka-
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Taruu, KeMepoBCKU rocyiapcTBeHHBIN MeZIy-
nuHCckui yHusepeuret (Kemeposo)

Kynewos B.M., i-p MmeJ1. HayK, npod. kadenppl
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TOCYyZIapCTBEHHBIA MEUIIUHCKUAN YHUBEPCUTET
(HoBocubupck)

Kypywuna O.B., i-p MeJi. HayK, 1pod., 3aBe-
nytouuii kadenpoii HeBposioruu, Bosrorpasi-
CKUM TOCY/IAPCTBEHHBIN MEUITUTHCKIH YHUBEP-
curet (Bosrorpay)

Moauanosa E.E., i-p MeJl. HayK, IOLEHT Kade-
JIpbI GaKyJIbTETCKOU U IOJTMKINHUIECKOH Te-
panuu, AMypcKas rocyZjapcTBeHHas MeAUIIUH-
ckas akagemus (biarosereHck)

Momom A.IL., n-p Mez. HayK, npod. kadeaps
CEeCTPUHCKOTO JieJia, AJITaliCKHiA TOCy/IapCTBEH-
HBII MeIMIIMHCKMH yHUBepcuTeT (BapHayo)

Mopovik A.B., 1-p Men. HayK, mpod., 3aB. Ka-
denpoit prusmaTpuu, MyJILMOHOJIOTHN U UH-
dexnnoHHbIX 6ose3HeN, OMCKHUI TOCyAap-
CTBEHHBIH MeANIIMHCKUY yHUBepcUTeT (OMCK)
Huawvcon I1., ni-p MeUIHEL, Ipod. AenapTra-
MeHTa KJIMHIHYECKUX HayK, JIYH/ICKU yHUBED-
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HUH, 3aB. kKadeIpoH euaTpuu ¢ KypcoM dH-
JIOKPHHOJIOTHH, Ipod. Kadeapo! daxynabTeT-
CKOM Tepanuu ¢ KypcoM KJIMHHYeCKor papma-
kostoruu, CHOMPCKU rocy1apcTBEeHHbIH Me/iu-
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PEJAKITMOHHAA KOJIVJIETUA

Censmuuyxas B.I'., n-p 6101, HayK, Ipod., I1aB-
HBII HAYYHBIH COTPY/HUK J1aG0PAaTOPUH SH/I0-
kpuHosioruu, OeziepaybHbII UCCIIEA0BATEb-
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Tpogumenxo HU.H., n-p MeJ. HAyK, JIOIEHT,
3aB. KadeIpoil KIMHUYECKOH aJIJIEPTOJIOTUN
U IIyJIbMOHOJIOTUH, VIPKyTCKast TOCyZapCTBEH-
Hast MEZMIIUHCKAS AKaZIEMUSI TOCIIETUTLIOMHO-
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IIMHCKOU aKa/IeMUU HEIIPEPBIBHOTO Ipodeccu-
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Xapouxosa C.A., 1-p Mezl. HayK, npod., 3aB.
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Xoxnosa 3.A., 1-p Meq. HayK, mpod., 3aB. kade-
Jipoii nHMEKIMOHHBIX 60s1e3Hel, HOBOKy3HeKuii
TOCY/JapCTBEHHBII MHCTUTYT YCOBEPIIIEHCTBOBA-
HuA Bpauel — prman TBOY JIT10 «Poccuiickas
MEIMIIMHCKAs aKa/IeMUsl HeIPEPHIBHOTO IIPO-
eccronampHOrO 06pazoBanus» (HOBOKy3HEIK)

Xpsanun A.A., 1-p Mez. Hayk, npod. kadeaps
JlepMaToJIOTUH U KocMeTostoruu, Hosocubup-
CKUH rocy/1apCTBEHHBIN METUIIUTHCKUN YHUBED-
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Illanownux H.H., 1-p MeJ,. HayK, Ipod., 3aB.
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Kasaukos E.JI., i-p MeJ. HayK, Ipod., 3aB. Ka-
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Jlozeunos C.B., 1-p MeJl. HayK, 1pod., 3aB. Ka-
dbeapoii rucTosIoruu, SMOPHUOJIOTHH U IIUTOJIO-
ruu, CHOUPCKUI TOCy/1apCTBEHHBIA MEIHIIH-
ckuil yausepcureT (Tomck)

Haodees A.I1., i-p vief1. HayK, pod., 3aB. Kade-
JIpO¥ ITaToJI0rn4ecKuii anatomun, HoBocubup-
CKUH rocy/1apCTBEHHBIN METUIITHCKUN YHUBED-
curet (HoBocubupcek)

ITempex M., i-p MeUIMHBI, IPOd., PyKOBOJIH-
TeJIb lelapTaMeHTa aToJIOTHIecKoH (hru3noso-
v Yausepcurera [Tonarkoro (Yexvist, OsoMoy1r)

Casuenxo C.B., 1-p MeJl. HayK, npod. kade-
Zipbl cynebHo MenunuHbl, HoBocMOUpCKUit
TOCY/IapPCTBEHHBIN MeIUIIMHCKUN YHUBEPCH-
tet (HoBocu6upCK)

Casonosa E.H., 1-p Me7. HayK, Ipod., 3aB. Ka-
dbeapoit HOpMaTIBPHON U ATOJIOTUYECKOH bu-
3MOJIOTHH, IIPOPEKTOP IO HAay4yHOH pabote,
JlaIbHEBOCTOYHBIH IOCYyAapCTBEHHBIA Meu-
IIUHCKUU yHUBepcuTeT (XabapoBck)

Illesena A.H., n-p Mef1. HayK, Ipod., 3aMeCTU-
TeJIb AUPEKTOPA [0 HAy4yHOU paboTte, THCTUTYT
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Benoycos M.B., n-p dapm. HayK, TOIEHT, 3aB.
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CubHupPCKUi TOCY/IapCTBEHHBIA MeTUIIUHCKUN
yuausepcureT (Tomck)

2Kapuxos A.FO., i-p GHOJI. HAyK, JIOIIEHT, 3aB. Ka-
denpoii papmakosoruu um. npod. B.M. Bpro-
XaHOBa, [IPOPEKTOP 10 HAyYHOI paboTe U UH-
HOBAIUAM, AJITAWCKAN TOCYAApCTBEHHBIN Me-
JMIUHCKAUH yHUBepcuTeT (BapHayon)
Kapaxynosa E.B., n-p dapm. Hayk, npod. Ka-
benpsl yrpapieHus U 9KOHOMUKH (papmanuu,
CubupCKUil TOCY/IapCTBEHHBIM MeUIIUHCKUN
yausepcuret (Tomck)

Jlaspenmvwesa JI.1., n-p dapM. HayK, JOIEHT,
3aB. Kaderpoii yIpaBieHus K 9KOHOMUKHU dap-
MaIMH, iekaH papMalieBTHIecKoro (akysbTe-
Ta, fIpoc/iaBcKuii rocy/JapCTBEHHBIN MeUIIH-
ckuil yauBepcureT (Spocsasib)

Madonos I1.I'., i-p mMef. HayK, npod., 3aB. Ka-
enpoii bapmakosroruu, KIMHIIECKOU hapma-
KOJIOTHH U JOKa3aTeJIbHON MeJuuHbI, HoBo-
CHUOUPCKUH TOCY/IapCTBEHHBIH MEIUITUHCKUI
yuusepcuret (HoBocH6HpPCK)

Domumnvix C.I'., i-p MeJl. HayK, JOLIEHT, 3aB.
kade/1poii hapMakoIOTHH, KIHHHYECKOH dap-
Makosioruu, OMCKUH ToCy/1IapCTBEHHBIN Me/IH-
IuHCKUU yHUBepcuTeT (OMCK)

Illepmaesa K./., n-p dapm. HayK, ipod., 3aB.
kade/Ipoii OpraHu3aIuy U yrpasiieHus papma-
eBTHYecKoro sesa, lOxxuo-KazaxcraHckas me-
nunuHckasn akagemus ([IIsivkent, Kazaxceran)

Iloamnucano B mevath 19.06.2025.

Jlata BBIXO/Ia B CBET 20.06.2025.
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Oco0eHHOCTH IKCIIPECCUU MOJIEKY/IAPHBIX IIIAlIEPOHOB
Hsp27 1 HSp9oO npu cepo3HOM pake ANYHUKOB

E.B. Kaiiropoznosa* 2, O.1. Kosanér2, M.1O. I'puiienko 3, C.B. Bropymua® 2

'HayuHo-uccaedogamendvcekuil uHemumym oHnkoao2uu @I'BHY « Tomckull HauuoHaabHblil uccaedosamensvekuil
Meduyurckuil yenmp Poccuiickoil akademuu Hayk», Tomck, Poccus

2@I'6OY BO «Cubupckuil 2ocydapcmeetHblil MeduyuHckuil ynusepcumem» Munadpasa Poccuu, Tomck, Poccus

30I'AY3 «Tomckuil o6.aacmHotl oHKoa02uveckull oucnaxcep», Tomck, Poccus

AHHOTAIIUA

BBenenue. Pakauunukos (PS) npencrasiser BTOPYIO 10 YaCTOTE IPUYUHY CMEPTH OT THHEKOJIOTHYECKOTO PaKa,
IIPU 5TOM CEPO3HBIN pak fABJsgeTcsa HauboJslee paclIpoCTPAaHEHHBIM U arPeCCUBHBIM TUIIOM U3 BCEX TMCTOIOTHYECKUX BapH-
aHToB. IToMCK HOBBIX OMOMAapKePOB U MUIIIEHEH JJIs1 TAPTEeTHOM Tepanuu PSI ABisieTcs akTyaTIbHOU 33/j1a4ell OHKOTHHEKO-
Jjoruu. B mocsiesHue To/ibl BHUMaHKE HCCIE0BaTe/ el MPUKOBAHO K M3ydeHHIo 6esikoB TerioBoro moka (Heat shock
proteins — Hsp), KOTOpbIe IIPECTABIIAIOT COO0H MOJIEKYJISIPHBIE IIIANIEPOHBI, CHHTE3UPYIOIIECS B OTBET HA CTPECCOBHIE
(axropsl, criocoberByronITe pedOIUHTY TOBPEKIEHHBIX OEJIKOB M BOCCTAHOBJIEHUIO UX KJIETOYHBIX GYHKIHH. Moseky-
JIIpHBIE 1IAIIEPOHBI YYaCTBYIOT B IIO//Iep>KaHUU TOMeocTa3a KJIeTKHU, PeryJIAIUY aKTUBHOCTU OHKOTE€HOB U OITyXOJIEBBIX
CYIIPECCOPOB.

IT e 1 b . U3yunuth ocobenHocTu skcpeccuu Hsp27 u Hspgo mpu cepo3nom P B cpaBHEHUU ¢ TOTPAHUYHBIMHU OITYXO-
JISIMH, C yY€TOM BHYTPHKJIETOUHOU JIOKAJIU3ALMH U MTOTEHI[UAJIBHOTO IMaTHOCTHYECKOTO 3HAYEHU 9TUX MapPKEPOB.
MaTepuainb U MeTOI/Bbl. BucciaeroBanrue ObIN BKIIOYEHBI 23 MAIIEHTKHU C BIIEPBBIE YCTAHOBJIEHHBIM
cepo3HbIM Pf u 6 KEHIIUH ¢ MOTPAaHUYHBIMH OmyXoasMu ssuaHukoB I-IIIc craaumu nmo FIGO (cpemHuii BO3pact
53,4 + 8,1 roza), npoxoausiiue seyenue B Tomckom HUM onkosioruu u/wiu ToMckoM 061aCTHOM OHKOJIOTUYECKOM JTHC-
naHcepe. MarepuasoM /i UCCIeJOBaHUsA CIIyKWIN ITapaduHOBbIe OJIOKU OHOIICUIHOTO U OIlepPAIlMOHHOIO MaTepHaia
OIIyXOJIEBOU TKAaHU, MOJIyUeHHBbIE HA HTaIle JIANAPOCKOIUYECKOTO XUPYPTUUECKOTO CTaIUPOBAHUA 10 Havasia JIeYeHUs .
Mertoznom ummyHorucroxumudeckoro (MI'X) okpamInBaHHs ONPEAessUIM BHYTPUKJIETOUHYIO JIOKanusauio Hsp2y u
Hsp9o B 01yx0J1eBBIX U CTPOMAJIbHBIX KJIETKAX.

PesyansptTarTs . Bxoge UI'X uccsenoBanus BeIABIEHO, UTO Ipe3eHTanusa HSp27 B OIyX0J1eBBIX KJIeTKaX IIPU IO~
cyeTe II0 IUTOIIa3Me U APy Bblllle, YeM B CTPOMe, B 10,48 U 7,41 pa3a COOTBETCTBEHHO; Npe3eHTanusa Hsp9o B omyxose-
BBIX KJIETKAX BBIIIE B IIUTOIUIa3Me U A/Ipax, YeM B KJIETKaX CTPOMBI, B 40,42 u 86,67 pasa cooTBeTCTBeHHO. KosimyecTBo
Hsp27-nosyoxutenpHbIX OIyX0JIeBBIX KJIETOK BBIIIE B 3,2 pa3a KosndecTBa HSp9O-11010:KUTeIBbHBIX OIyX0JIEBBIX KJIETOK
B TKaHU CEPO3HOH a/IEeHOKAPIIUHOMBI SUYHUKOB (P = 0,0006, kpuTepuii Buskokcona). [Ipy MOrpaHUYHBIX OIYXOJIAX STUY-
HUKOB Kom4ecTBO Hsp27- u HSpQO-II0JI0KUTEIbHBIX OIyX0JIEBBIX KJIETOK 3HAYUMO MeHbIe, ueM npu PA (kpurepuii
ManHa — YUTHHU p < 0,0001 ¥ p = 0,0018 COOTBETCTBEHHO).

3akKkJo04YeHHUe. 3HAUUTeJbHAsA Pa3HUIA B IPe3eHTAIIU MOJIEKy IAPHBIX I1anepoHoB Hsp27 u Hsp9o B kieTou-
HBIX KOMIIAPTMEHTaX OIIyX0JIEBBIX U CTPOMAJIBHBIX KJIETOK, a TakKe OoJiee yeM YeThIpeXKpaTHOe yBeJHYeHHe JJAHHOTO
MapKepa IIPH CEPO3HON KapIMHOME SHYHUKOB, [10 CPABHEHHIO C IIOTPAHUYHBIMHU OIyXOJISIMHU, YKa3bIBAIOT HA TUATHOCTHU-
YeCKyI0 U IPOrHOCTHYECKYI0 posib Hsp27 u HSp9o npu MMMyHOTHCTOXMMHYECKOH auarHoctuke P, a Takke mepcrex-
THBBI TAPT€THOU TepaIluy, HAIIPABJIEHHOH Ha MOAYJLANNIO akTUBHOCTH Hsp27 u Hspgo.

Kaoueanle caoga: MoseKysspHble marneponsl, Hsp27, Hsp9o, cepo3HbI pak AMYHUKOB, HMMYHOTHCTOXUMUS.

O6pasen nmurupoBaHu#na: Kairopogora E.B., Kopanér O.U., I'pumierko M.IO., Bropymua C.B. OcobeHHOCTH
SKCIIPECCHUU MOJIEKYJISIPHBIX I1ariepoHoB Hsp27 u Hspgo mpu cepo3nom pake simarnkos // Journal of Siberian Medical
Sciences. 2025;9(2):7-18. DOI: 10.31549/2542-1174-2025-9-2-7-18

TlocTymuia B pejakiiuio 26.03.2025 Received 26.03.2025

IIpomwna pereH3upoBaHue 22.05.2025 Revised 22.05.2025

IIpunsaTa K myGiukanuu 28.05.2025 Accepted 28.05.2025

Asmop, omeemcmeeHHblil 3a nepenucky Corresponding author

Kaiiroponosa Esrenus Bukroposna: ®I'BOY BO «Cubupckuii rocynap- Evgeniya V. Kaigorodova: Siberian State Medical University, 2, Moskovskiy
CTBEHHBI MEAMIMHCKUN yHHBepcuteT» MuHzapaBa Poccun. 634050, trakt, Tomsk, 634050, Russia.

T. Tomck, MOCKOBCKHIT TPAKT, 2. E-mail: zlobinae@mail.ru

E-mail: zlobinae@mail.ru

Journal homepage: http://jsms.ngmu.ru 7



Katieopodosa E.B. u dp. / Journal of Siberian Medical Sciences T. 9, N° 2 (2025)

Features of the expression of the molecular chaperones
Hsp27 and Hsp9o in serous ovarian cancer

E.V. Kaigorodova* 2, O.1. Kovalev?, M.Yu. Grishchenko®3, S.V. Vtorushin® 2

Cancer Research Institute, Tomsk National Research Medical Center, Russian Academy of Sciences, Tomsk, Russia
2Siberian State Medical University, Tomsk, Russia

sTomsk Regional Oncology Center, Tomsk, Russia

ABSTRACT

Introduction. Ovarian cancer (OC) represents the second most common cause of death from gynecologic can-
cer, with serous cancer being the most common and aggressive of all histologic variants. The search for new biomarkers and
therapeutic targets for the OC treatment is an urgent task of gynecologic oncology. In recent years, researchers have focused
their attention on the study of heat shock proteins (Hsps), which are molecular chaperones synthesized in response to stress
factors exposure and contributing to the refolding of damaged proteins and restoring their cellular functions. Molecular
chaperones are involved in maintaining cell homeostasis, regulating the activity of oncogenes and tumor suppressors.

A i m . To study the features of the Hsp27 and Hsp9o expression in serous OC compared with borderline ovarian tumors,
taking into account the intracellular localization and the potential diagnostic value of these markers.

Materials and meth ods. Thestudyincluded 23 patients with newly diagnosed serous OC and 6 women
with FIGO stage I-IIIC borderline ovarian tumors (mean age 53,4 + 8,1 years) who were treated at the Tomsk Research
Institute of Oncology and/or Tomsk Regional Oncological Center. The study objects were paraffin blocks from tumor tissue
obtained during biopsy and surgery intervention during laparoscopic surgical staging before the treatment. The intracel-
lular localization of Hsp27 and Hsp9o in tumor and stromal cells was determined by immunohistochemical (IHC) staining.
Results. The IHC study revealed that the expression of Hsp27 in tumor cells, when calculated by cytoplasm and
nucleus, is 10,48 and 7,41 times higher than in the stroma, respectively; the expression of Hspgo in tumor cells is 40,42
and 86,67 times higher in cytoplasm and nuclei than in stromal cells, respectively. The count of Hsp27-positive tumor cells
is 3,2 times higher than the count of Hspgo-positive tumor cells in tissue of ovarian serous adenocarcinoma (p = 0,0006,
Wilcoxon test). In borderline ovarian tumors, the count of Hsp27- and Hspgo-positive tumor cells is significantly lower
than in OC (p < 0,0001 and p = 0,0018, respectively, Mann-Whitney test).

Conclusion. Thesignificant difference in the expression of the molecular chaperones Hsp27 and Hsp9o in the
cellular compartments of tumor and stromal cells, as well as a more than fourfold increase in this marker in serous ovarian
carcinoma compared with borderline tumors show the diagnostic and prognostic role of Hsp27 and Hsp9o in the immuno-
histochemical diagnosis of OC, as well as the prospects of Hsp27 and Hsp9o activity modulation targeted therapy.
Keywords: molecular chaperones, Hsp27, Hsp9o, serous ovarian cancer, immunohistochemistry.
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BBEJAEHUNE

OmHOM U3 OYEHD CEPBE3HBIX U BAKHBIX ITPOOIEM
BCEMHPHOT'O 3/I[PaBOOXPAHEHUS SIBJISIETCA PaK ANY-
HukoB (Pf), KOTOpBIN HpeaCTaBIseT BTOPYKO IO
YacToTe MPUYUHY CMEPTH OT THHEKOJIOTHYECKOTO
paxa [1]. ITpu aTOM cepo3HBIi pak — HauboJsee pac-
MIPOCTPaHEHHBIN U aTrPECCUBHBIN THIT U3 BCEX TUCTO-
sornyeckux BapuanToB PA [2]. OxHON M3 npuduH
HeOJJIaTOIPUATHOTO IPOrHO3a Y 60bHBIX P sBIIs-
ercs MO3AHsA JHAarHOCTUKa 3abosieBaHus [3, 4]
Jlosroe BpeMs TeUeHHE OIyX0JIEBOTO IPOIlecca OCTa-
ercss OECCHMIITOMHBIM BIUIOTH /10 Pa3BUTHA AUD-
(y3HOTrO KaHIIEpOMAaTO3a OPIOIINHBI, KOTOPBIH IIPO-
SABJISIETCA  B3J[yTHEM JKHBOTA U  JKEJYJOYHO-

INTRODUCTION

One of the most serious and important problems
of global health care is ovarian cancer (OC), which is
the second most common cause of death from gyne-
cological cancer [1]. At the same time, serous OC is
the commonest and aggressive type of all the histo-
logical variants of cancer [2]. One of the reasons for
unfavorable prognosis in patients with OC is the late
diagnosis of the disease [3, 4]. For a long time, the
tumor process remains asymptomatic until develop-
ing diffuse peritoneal carcinomatosis which is mani-
fested by abdominal bloating and gastrointestinal
symptoms [5]. Currently, only 20% of OC cases are
diagnosed at stages I-II. Most cases are diagnosed at
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KHUIIIEYHBIMU cUMIITOMaMu [5]. B HacTosiee Bpems
TOJIbKO 20 % ciyuaeB P puarHoctupyercs Ha cTa-
guuax I-I1. BoapmIMHCTBO cilydaeB AUATHOCTUPY-
ercs Ha cragusx 111 (51 %) u IV (29 %), xorna 5-1eT-
HsS BBIXKHBAEMOCTh COCTaBJjIsAeT MeHee 30 % [3, 4].
B cBsA3H ¢ 3TUM ITOUCK HOBBIX OHOMAapKEPOB U MUIIIE-
HeU /1 TapreTHOU Tepanuu P saBisieTcss akTyaab-
HOU 3a/1aueil OHKOTMHEKOJIOTHH.

B mocsienHue rogpl BHUMaHUE KCCIIEIOBATEIEH
MIPUKOBAHO K M3yYeHHIO OEJIKOB TEIIOBOTO IIOKa
(Heat shock proteins — Hsp), KoTopble mpejcTaB-
JITIOT cOO0M MOJIEKYJISIpHbIE IIAlepOHbl, CHHTE3U-
pymolrecss B OTBET Ha CTpeccoBble (aKTOPHI, CIIO-
cobcTByomue pedoIAUHTY TOBPEKIEHHBIX OETKOB
U BOCCTAHOBJIEHUIO UX KJIETOUHBIX (pyHKIUI [6—8].
Oco0bIl THTEpEC MPEJICTABIIAIOT IIarepoHbl Hspgo
u Hsp27, skcmpeccuss KOTOPBIX, 1O JAHHBIM psiaa
WCCIIEZIOBAaHUH, ITOBBINIIEHA B OMYXOJIsSAX SUYHUKOB U
KOppeJIupyeT ¢ HebJaronpusiTHBIM —IIPOTHO30M
[9, 10]. Hsp9o yuacTByeT B cTaOHIN3AIUM 1 AKTHBA-
MY OHKOTEHOB, a TaKKe 00eCIeYnBaeT BbKUBAHHE
OIYXOJIEBBIX KJIETOK NP XUMHUOTepamuu [7, 11].
Hsp27 ctumynupyer mnpoaundepariio 1 MUTPAIHIO
KJIETOK, TO/IABJISIET AIllONTO3, CIOCOOCTBYET SITHUTE-
JIMAJIPHO-ME3EHXUMAIbHOMY TIepexoay [7, 12].

IEJIb NCCJIEJOBAHUA

U3yuuth ocobeHHOCTH »sKcmpeccuun Hsp2y u
Hsp9o npu ceposnom PA B cpaBHEHUU C IOTPAHUY-
HBIMU OIYXOJIIMH, C Y4eTOM BHYTPHUKJIETOUHOH
JIOKQJIN3allud U TOTeHIHUAJBHOIO JUarHOCTHUYe-
CKOT'0 3HaUeHUA 3TUX MapKepoB.

MATEPUAJIBI 1 METO/bI

B uccnenoBanue ObUTH BKJIIOUEHBI 23 MAIUEHTKH
¢ BIIepBble YCTAaHOBJIEHHBIM cepo3HbIM PA 1 6 nanu-
€HTOK C IIOTPAHUYHBIMHU OIYXOJAMH SUYHUKOB
(ITOA) crapguu I-1IIC mo FIGO (cpemuuii BO3pact
53,4 + 8,1 T0/1a), MPOXOAUBIIHE JieueHe B ToMcKOM
HUMU oukonoruu u/vau TOMCKOM 00671aCTHOM OHKO-
JIOTUUECKOM JivcriaHcepe. Bee manyeHTKH peiocta-
BWIN TOJIMMCAaHHOE WHOOPMUPOBAHHOE COTJIAcHe
Ha yJacTue B UccjieioBaHuu. IIpoBesenue ucciaeno-
BaHUSA OBLIO OM0OPEHO JIOKAJIbHBIM STUUYECKUM
komutetoMm HWMWM onkosormm Tomckoro Hammo-
HaJIBHOTO UCCJIeI0BATEIbCKOTO MEIUIIMHCKOTO I[eH-
Tpa (mpoTokos N2 g 0T 07.03.2023).

Marepuasiom /ISl UCCIIE/IOBAHUS CITY»KIJIN TIapa-
(uHOBBIE 6JIOKH OGUOIICHMHHOTO U OIMEPAIMOHHOTO
MaTepuajia OIyXOJIeBOM TKaHW, IMOJIydeHHble Ha
3Talle JanapoCKOMUYECKOTO JUAaTHOCTUUECKOTO CTa-
JIUPOBAHUA 10 Havasa JiedeHus. ['uCTOIOTHYecKui
THUI OIyXOJIM YCTAHABJWBAJICA HA OCHOBAHUM aHa-
JIN3a TUCTOJIOTUUECKUX IIPEapaToB U KyiacCu@uIiy-

stages II (51%) and IV (29%), when a 5-year survival
rate is less than 30% [3, 4]. In this regard, the search
for new biomarkers and targets for anticancer ther-
apy is an urgent task of gynecologic oncology.

In recent years, researchers have focused their
attention on the study of heat shock proteins (Hsps),
which are molecular chaperones synthesized in
response to stress factors that promote the refolding
of damaged proteins and the restoration of their cel-
lular functions [6—8]. Of particular interest are the
chaperones Hspgo and Hsp27, the expression of
which, according to several studies, is increased in
ovarian tumors and correlates with an unfavorable
prognosis [9, 10]. Hspgo takes part in the stabiliza-
tion and activation of oncogenes, as well as ensures
the survival of tumor cells during chemotherapy [7,
11]. Hsp27 stimulates cell proliferation and migra-
tion, suppresses apoptosis, and promotes epithelial-
mesenchymal transition [7, 12].

AIM OF THE RESEARCH

To study the features of the Hsp27 and Hspgo
expression in serous OC compared with borderline
ovarian tumors, taking into account the intracellular
localization and the potential diagnostic value of
these markers.

MATERIALS AND METHODS

The study included 23 patients with newly diag-
nosed serous OC and 6 patients with FIGO stage I—-
ITIC borderline ovarian tumors (BOTs) (mean age
53,4 + 8,1 years) treated at the Tomsk Research Insti-
tute of Oncology and/or Tomsk Regional Oncological
Center. All patients provided signed informed consent
to participate in the study. The study was approved by
the local Ethics Committee of the Research Institute
of Oncology, Tomsk National Research Medical Cen-
ter (Protocol No. 9 dated 03.07.2023).

The study objects were paraffin blocks from
tumor tissue obtained during biopsy and surgical
intervention in laparoscopic diagnostic staging
before the treatment. The histological type was
determined based on histological examination of
specimens, and classified in accordance with the
WHO International Classification of Tumors of
Female Reproductive Organs (5™ edition, 2020).

Immunohistochemical staining was performed
using a Ventana BenchMark Ultra system and mouse
monoclonal antibodies to human Hsp27 (Anti-Hsp27
antibody (clone G3.1, 1:500 dilution) (Abcam, UK) and
to human Hspgo (Anti-Hspgo antibody (clone AC88,
1:500 dilution) (Abcam, UK)). The presentation of the
molecular chaperones was evaluated by the percentage
of positively stained cells per 1000 cells at a high mag-
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poBasicsl B COOTBETCTBUU ¢ MeXKIyHapOAHOHN Kiac-
cudUKaIen OIyXoJIel }KeHCKOH IT0JIOBOH CHCTEMBI
BO3 (5-e uzganue, 2020 T.).
VIMMyHOTHCTOXUMUYECKOE OKpAaIIUBAaHUE IIPO-
BOJIJIOCH C HCIOJIb30BAHUEM HMMYHOCTEHHepa
Ventana BenchMark Ultra u MBIIIHHBIX MOHOKJIO-
HaJbHBIX aHTUTEN K Hsp27 (Anti-Hsp27 antibody
(xron G3.1, pabouee pasBemenue 1:500) (Abcam,
UK) u k Hspg9o uenoBeka (Anti-Hspgo antibody
(xsion AC88, pabouee paspeneHue 1:500) (Abcam,
UK)). IlpeseHTanusi MOJIEKYJIAPHBIX IIAIIEPOHOB
OIIEHUBAJIACH TI0 IIPOIIEHTHOMY COZIEPKAHUIO [T03H-
TUBHO OKPAIIEHHBIX KJIETOK Ha 1000 KJIETOK IPHU
OOJIBIIIOM VBEJIMYEHUH MHUKPOCKONa (x400) ©
pe3yspTaTaM aHaJu3a THCTOJIOTHYECKUX CKAHOB,
MOJIyYeHHBIX C TOMOINbI0 ammapara Aperio AT2
(Leica) u mporpammbl QuPath vo.5.0. Ilpu sTOM
VUHUTBIBAJICS XapaKTep BHYTPUKJIETOYHOM HKCIIpeC-
cuu (sAepHBIH U MuTOIIa3MaTuyeckuii). QuPath —
HOBOE€ IPOTPaMMHOe O0eclevYeHre C OTKPBITHIM
KCXOIHBIM KOJIOM JIJIf aHAJIN3a CKAaHOB T'HCTOJIOTH-
YyecKux cpe3oB. IloMuMO TOTO, YTO mporpamma
BKJIIOYAET B ce0s1 OOIMUPHBIE HHCTPYMEHTHI aHHOTA-
[UH ¥ BU3yaIu3aliuy, oHa obsiasiaer HabopoM BCTPO-
€HHBIX AJITOPUTMOB /IJIsI PEIIeHHs PACIIPOCTPAHEH-
HBIX M CJIOKHBIX NpOOJIEM aHaJu3a IAaTOJIOTUH,
BKJIIOYasi OOHapy:KeHUe KJIETOK U TKaHeH, a Takxke
BO3MOKHOCTHIO MHTEPAKTHUBHOTO MAIIMHHOTO 00Y-
JeHus JJIA Kiiaccuuranuu 00beKToB [13].
PesysbTaThl HCC/IEIOBaHUSA 00pabaThIBAIA C
HCIIOJIb30BaHueM mporpamm Microsoft Excel 2019
(Microsoft, CIIIA) m STATISTICA 13.5 (TIBCO
Software Inc., CIIIA). IIpoBepka Ha COOTBETCTBHE
BBIOOPOK 3aKOHY HOPMAaJIBHOTO pAaCIpefeIeHuUs
MPOBO/IWJIACH  C  KCIIOJIb30BAaHUEM  KPUTEPHUS
IMamupo — Yuika. CBA3b MeXKAY ABYMsI BLIOOPKaMHU,
He TOJUYUHSIONIUMUCA 3aKOHY HOPMAJIBHOTO pac-
IpeJieIeHus1, OLIEHUBAIN C TTOMOIIBI0 KOPPEJISAIUN
CnupmeHna. CTaTHUCTHYECKyI0 3HAaYUMOCTb pa3Jiu-
YU HE3aBUCHMBIX BBIOOPOK OIEHUBAIHU C IOMOIIHIO
HellapaMeTpuyeckoro kpurepus ManHa — YUTHU U
KpUTepUsi BUJIKOKCOHA [I1 3aBUCUMBIX BBIOOPOK.
Pazmnuus CYUTATUCH CTATHUCTUYECKU 3HAYUMBIMU
MU JIOCTUTHYTOM ypPOBHE 3HAUYMMOCTH P < 0,05.
Pe3ysbTaThl TpEACTABJIEHBl B BHAE MeEIUAHBI H
MeXKBapTUJIbHOTO pasmaxa Me (Q ; QS).

PE3YJ/IBTATDI

B omyxosieBbix KieTkax PSl mabsromaercsa pas-
JIMYHBIA XapaKTep 5HKCIPECCUU MOJIEKYJISAPHBIX
manepoHos Hsp27 u Hsp9o. Ilpu nnposefeHun cse-
TOONTUYECKOI'0 HCCJIeJOBAHUA UMMYHOTHCTOXUMU-
YeCKHX IIpenapaToB IIUTOIIa3MaThuyecKas dKCcIpec-
cus 6enka Hsp27 Habmoganace B 95 % (87,5—-100)

nification of a microscope (x400), and the results of
analysis of histological specimen scans obtained using
an Aperio AT2 (Leica) scanner and QuPath vo0.5.0 soft-
ware. The pattern of intracellular expression (nuclear
and cytoplasmic) was taken into account. QuPath is a
new open source software for bioimage analysis. Apart
from the extensive annotation and visualization tools,
the QuPath has a set of built-in algorithms for solving
common and complex problems of pathology image
analysis, including cell and tissue detection, as well as
the possibility of interactive machine learning for object
classification [13].

The study results were processed using Microsoft
Excel 2019 (Microsoft, USA) and STATISTICA 13.5
(TIBCO Software Inc., USA). The samples were
checked for the conformity to the normal distribution
law using the Shapiro-Wilk test. The relationship
between two samples that did not follow normal dis-
tribution was assessed using the Spearman’s correla-
tion. Statistical significance of the differences in inde-
pendent samples was assessed using the nonparamet-
ric Mann-Whitney test and the Wilcoxon test for
dependent samples. The differences were considered
statistically significant when the achieved significance
level was p < 0,05. The results are presented as median
and interquartile range Me (Q; Q).

RESULTS

Different patterns of expression of the molecular
chaperones Hsp27 and Hspgo are observed in OC
tumor cells. During light optical microscopy of the
immunohistochemically stained specimens, the pro-
tein Hsp27 cytoplasmic expression was observed in
95% (87,5—100) ovarian carcinoma cells, which sta-
tistically significantly exceeded the Hspgo expres-
sion (p = 0,0006, Wilcoxon test) (Fig. 1). Fig. 2 shows
immunohistochemical images of Hsp27 and Hspgo
chaperones in the ovarian serous carcinoma tissue.

The correlation analysis revealed that the count
of Hsp27-positive tumor cells has a strong direct cor-
relation with the count of Hspgo-positive OC tumor
cells (Spearman’s R = +0.79, p = 0,00023).

During the study of intracellular presentation of
the molecular chaperones using QuPath vo.5, it was
found that the expression of Hsp27 in tumor cells is
4,47 times higher than in the stroma (p < 0,0001),
and the expression of Hspgo in tumor cells is
30,67 times higher than in the stroma (p < 0,0001).

Similarly, it was noted that, when quantifying by
cytoplasm, the count of Hsp27 in tumor cells is 10,48
times higher than in the stroma (p < 0,0001), and
the count of Hspgo in the tumor is 40,42 times
higher than in the stroma (p < 0,0001). When quan-
tified by nucleus, the expression of Hsp27 in tumor
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Puc. 1. KomuuectBo Hsp27- 1 HSp9O-II0I0’KUTETBHBIX OIyX0JIEBBIX KJIETOK B TKAHU CEPO3HOU KaPIIMHOMBI IMYHUKOB
(p = 0,0006, kpuTtepuit Bunikokcona)
Fig. 1. The count of Hsp27- and Hspgo-positive tumor cells in the ovarian serous carcinoma tissue
(p = 0,0006, Wilcoxon test)

KJIETOK KapIIMHOMBI SUYHUKOB, YTO CTATUCTUUYECKU
3HAUMMO  IIPEBBINIAJIO  3KcImpeccuro  Hspgo
(p = 0,0006, kpuTepuii Buikokcona) (puc. 1). Ha
pHcC. 2 pe/icTaBIeHbl CHUMKUA UMYHOTHCTOXUMUYe-
CKOTO OKpammBaHusA manepoHoB Hsp27 u Hspgo B
TKaHU CEPO3HOU KapPIIMHOMBI STIHUKOB.
[IpoBe/iIeHHBINT KOPPEJAIMOHHBIA aHAJIN3 BbIA-
BUWJI, YTO KOJINYECTBO HSP27-MOI0KUTENBHBIX OILy-

cells was 7,41 times higher than in the stroma
(p < 0,0001), and the expression of Hspgo in the
tumor was 86,67 times higher than in the stroma
(p < 0,0001) (Table 1).

It was found that the count of Hsp27 in the
stroma, when calculated by cell, was 56,8 times
higher than Hspgo calculated in the same way
(p < 0,05). In calculation by cell, the expression of

Puc. 2. IMyHOTHCTOXUMUYECKOE OKpalInBanue manepoHos Hsp27 (A) u Hspgo (B)
B TKaHU CEPO3HOU BHICOKO3JI0KAUECTBEHHOM KAPIIMHOMBI SMYHUKA. YBEJIHYEHHE X400
Fig. 2. Immunohistochemical staining of Hsp27 (A) and Hspgo (B) chaperones in the tissue of high-grade serous ovarian
carcinoma. Magnification X400
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Ta6/mua 1. BHyTpuksieTodHas jokanusanus Hsp27 u Hsp90 B onyxoJieBbIX KJIETKaX U B CTPOMe NPY CEPO3HON KapLiUHOME

anyHukoB (Me, Q1; Q3)

Table 1. Intracellular localization of Hsp27 and Hsp90 in tumor and stromal cells in ovarian serous carcinoma (Me, Q1; Q3), %

Hsp27 (n=23)

Hsp90 (n = 23)

Tun TkKaHu
Type of
tissue

KJIeTKa
cell

UTOIIa3Ma
cytoplasm

AAPO
nucleus

KJIeTKa
cell

nUuTOoImia3mMa

A4po p
cytoplasm

nucleus

1 2 3

4 5 6

Ctpoma
Stroma

18,8 7,9 8,2
(0,5;458)  (0,6;23,2) (0,3; 24,9)

03 0,24 0,06
(0,1;2,01)  (0,01;0,9) (0,004; 0,1)

p,,<0,0001
p,,=0,0009
p,,= 00046
p,,> 0,999

p, .= 0,0090
p, .<0,0001
p, .= 0,0020
p,.<0,0001
P .= 04171

84,1
(47,1; 93,4)*

OmyxoJib
Tumor

82,8
(48,4; 89,0)*

60,8
(38; 83,8)*

9,2 9,7 52
(4,8;29,8)*  (3,5;25,5)* (3,7; 22,2)*

p,,=0,0042
p,,<0,0001
p,.,=0,0004
p,.<0,0001
p, < 0,0001
p,.=0,0010
p,.=0,0042
p,.<0,0001
P, .<0,0001

*p<0,0001 - ypoBeHb 3HAYUMOCTH pa3IMYUN MeX/AY CTPOMOM U OIYXOJIbIO.
*p <0,0001 is the level of significance of differences between the stroma and tumor.

XOJIEBBIX KJIETOK MUMEEeT CHJIBHYIO IIPSIMYIO0 KOPPEeJIs-
IUIO ¢ KoJm4ecTBOM HSpQO-ITO3UTUBHBIX OITyXOJe-
BbIX KiIeTok PA (R CiupMeHa = +0,79, p = 0,00023).

B xone m3ydeHUs BHYTPUKJIETOYHOU IIpe3eHTa-
MU MOJIEKYJIAPHBIX IIAIIEPOHOB € IIOMOIIBIO IIPO-
rpammbl QuPath vo.5.0 6pU10 yeTaHOBIEHO, UTO DKC-
npeccusi Hsp27 B omyxoJieBBIX KJIETKAaX B 4,47 pasa
BBIIIIE, UeM B CTpoMe (p < 0,0001), a DKCIPECCH
Hsp9o B omyxoJieBBIX KJIETKaX B 30,67 pasa BHIIIIE,
geM B cTpoMme (p < 0,0001).

AHAJIOTUYHO OTMEUYeHO, YTO IIPH IO/cCYeTe IO
OUTOIUIa3Me cofep:kanue Hsp27 B OIMyXOJeBBbIX
KJIeTKax B 10,48 pasa BbIllle, YeM B CTPOME
(p < 0,0001), a comepsxkanue Hspoo B omyxosiu B
40,42 pasa BeIIIe, YeM B cTpoMe (p < 0,0001). ITpu
[IO/ICUETE TI0 AAPY dKcrpeccrs Hsp27 B OMyxoseBbIx
KJIeETKax ObLIa B 7,41 pasa BBINIE, YEM B CTPOME
(p < 0,0001), a skcmpeccust Hspgo B omyxosu B
86,67 pasa IpeBbllllajia 3TOT I10Ka3aTeslb B CTPOMe
(p < 0,0001) (Tab. 1).

YcraHoBIEHO, 4TO cofiep:kaHue Hsp27 B cTpome
IIpU IoZicueTe II0 KJeTKe B 50,8 pasa IpeBbIIIaio
cozep:kaHre Hsp9o, mocumTaHHOE aHAJIOTMYHBIM
obpasom (p < 0,05). B omyxosnu mpu JaHHOM TTO/-
cuere sKcrpeccusi Hsp27 okasamace B 9,2 pasa
BbIIIIe, YeM dKcrupeccus Hspgo (p < 0,05). Kpome
TOTO, CTATUCTUYECKU 3HAYMMO YBEJIMUUBAIACH DKC-

Hsp27 in the tumor was 9,2 times higher than the
expression of Hspgo (p < 0,05). In addition, the
expression of Hsp27 significantly increased relative
to the expression of Hspgo and when calculated by
cytoplasm: 32,96 times in the stroma and 8,5 times
in the tumor (p < 0,05). A statistically significant dif-
ference was also found between the Hsps expression
when calculated by nucleus: the expression of Hsp27
exceeded that of Hspgo by 136,7 times in the stroma
and 11,8 times in the tumor (p < 0,05) (Table 1).

Thus, in OC, both in the stroma and tumor tissue,
a higher expression of Hsp27 relative to Hspgo was
observed. A similar relationship was noted when
positively stained cells were counted in the whole
cell, that is, in the cytoplasm and in the nucleus. It
was found that in OC cells, the cytoplasmic expres-
sion of Hsp27 and Hspgo exceeds that of nuclear.
However, such dependence is not observed in the
stroma (Table 1).

When comparing immunohistochemical staining
of Hsp27 and Hspgo in OC and BOTs, it was found
that the counts of Hsp27- and Hspgo-positive tumor
cells in BOTs were significantly less than in OC
(p < 0,0001 and p = 0,0018, respectively). In OC, the
counts of Hsp27- and Hsp9o-positive tumor cells
were higher in by 7,1 and 4,3 times, respectively,
than in BOTs (Fig. 4). The results of immunohisto-
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u pake sununukos (PA) (*p < 0,005)
Fig. 3. The count of Hsp-positive tumor cells in borderline ovarian tumors (BOTs) and ovarian cancer (OC) (*p < 0,005)

npeccusa Hsp27 orHOcuTenbpHO skcnipeccuu Hspgo u
IIpu IoJcyeTe IO LUTOILIa3Me: B 32,06 pasa B
cTpoMme u B 8,5 pasa B omyxosu (p < 0,05). Takxe
OBUIO OOHAPYKEHO CTATHUCTUYECKH 3HAUMMOE pas-
JIgRe MeXIy sKcupeccuedd Hsp mpu mozcuere 1o
AIpy: sKcnpeccusa Hsp27 npespliiana 3KCIPECCUIO
Hsp9o B 136,7 pa3a B cTpome # B 11,8 pasa B OIyX0Ju
(p < 0,05) ( cM. Tab. 1).

Taxkum obpaszom, mpu P kak B cTpome, Tak U
OIIyXO0JIEBOU TKAHU OTMeYeHa 0oJiee BBICOKAS DKC-
npeccuss Hsp27 orHocuTensHo Hspg9o. IlomoGHas
3aBHCUMOCTH HA0JII0/1ayIach IIPU MO/ICYETe TOJIOKHU-
TeJIbHBIX KJIETOK 10 BCeH KJIeTKe, IO IUTOIIa3Me U
110 AApY. YCTAHOBJIEHO, UYTO IIPU paKe ANYHUKOB B
OILyXOJIEBBIX KJIETKax LUTOIUIa3MaThudecKasd 3KC-
npeccusa Hsp27 u Hsp9Qo mpeBbILIaeT ALEPHYIO 9KC-
npeccuto. OJTHAKO TAKOW 3aBUCUMOCTH He HaOJII0/1a-
etcs B ctpoMe (cM. TabII. 1).

IIpu cpaBHEHNY UMYHOTHCTOXUMHYECKOTO OKpa-
muBanus Hsp27 u Hspgo B tkanu PA u I10 65110
BBIABJIeHO, uTO npu IIOfA kommuectBo Hsp27- u
Hsp9O-110/10KUTENBHBIX OIyXOJIEBBIX KJIETOK 3HA-
YIMO MeHbIIIEe, 4yeM rpu PA (p < 0,0001u p = 0,0018
cooTtBeTcTBeHHO). IIpu PS konmuectBo Hsp27- u
Hsp9O0-110710KUTENBHBIX OIYX0JIEBBIX KJIETOK B 7,1 U
4,3 pasa Bblllle, YeM IIPU IOTPAHUYHBIX OILyXOJIAX
COOTBETCTBEHHO (puc. 3). Pe3ysbraThl UMMYyHOTH-
CTOXHUMHUYECKOTO OKpAIIMBAaHUA C AHTUTEJaMH K
Hsp27 u Hsp9o npe/zicraBieHbl HAa PUC. 4.

B HameMm wcciieioBaHUM OBLIO TOKA3aHO, YTO
npu I10A kommuectBo Hsp27- u Hsp9o-mosmoxxu-

chemical staining with antibodies to Hsp27 and
Hsp9o are given in Fig. 4.

In our study, it was shown that the count of
Hsp27- and Hsp9o-positive tumor cells in BOTS is
significantly less than in OC (p < 0,05).

DISCUSSION

The presented results show that the expression of
Hsp27 and Hsp9o in the stroma is significantly lower
than in tumor cells. The results obtained can be
explained by the fact that the stroma, unlike the
tumor parenchyma, is less susceptible to stress
effects, especially such as hypoxia, metabolic defi-
ciency and nutrient deficiency. This is due to the
presence of an abundant vascular network in its
structure, as well as active vascularization processes
because of the secretion of VEGF-A by tumor cells. In
this regard, the expression of Hsps, since they are
stress-induced, is significantly lower in the stroma
than in the tumor parenchyma.

It is known that cancer cells are constantly under
stressful conditions such as acidosis, hypoxia, meta-
bolic deficiency, and nutrient deficiency [14]. In this
regard, cancer cells rearrange their energy metabo-
lism towards the dominance of glycolysis with more
active uptake and consumption of glucose, which, in
turn, leads to a decrease in production of adenosine
triphosphate (ATP). This enhancement of aerobic
glycolysis in tumor cells is known as the Warburg
effect [14]. Being ATP-dependent, Hspgo cannot
operate under decreased ATP concentration, thereby,
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Puc. 4. Ilorpannysas cepo3Has omyxoJsb AMYHUKOB craauu I111B no FIGO,
MMMYHOTUCTOXMMHUYECKOE OKpalllnBaHue ¢ anTuTesiamu K Hsp27 (A) u Hspgo (B). YBesinuenue X200
Puc. 4. The FIGO stage IIIB borderline serous ovarian tumor, immunohistochemical staining
with antibodies to Hsp27 (A) and Hspgo (B). Magnification x200

TEJbHBIX OIYXOJIEBBIX KJIETOK 3HAYUMO MEHBIIIE,
uvem mpu PA (p < 0,05).

OBCYXKJIEHHNE

W3 npezicraBieHHBIX pe3yJIbTATOB BUJIHO, UTO
skcmpeccus Hsp27 u Hspgo B ctpome 3HAUUTETHHO
HHU’KE, YeM B OITyXOJIEBBIX KJIeTKax. [loJrydeHHBbIE
pe3yabTaThl MOXKHO OOBSCHUTH TEM, YTO CTpOMa B
OTJIMYME OT IAPEHXHUMbI OIYXOJHU MeHee ITOBEP-
JKEHa CTPECCOBBIM BO3/IEUCTBUAM, OCOOEHHO TAKUM,
KaK THIOKCHsA, MeTabosndyeckuii neunut u aedu-
[IUT TUTATEJHHBIX BEIIECTB. JTO CBSI3aHO C HaIH-
YreM B ee cOocTaBe OOMJIBHOU COCYAWICTOH CeTH, a
TaK)Ke aKTUBHBIMU IIPOIIECCAMH BaCKYJIAPHU3AIIAH 32
CUeT CeKpeluu OmyXoJieBbIMH kKjeTkamu VEGF-A.
B cBs131 ¢ 3THM dKcIpeccusi OeJTKOB TEIJIOBOTO 0K,
IIOCKOJIBKY OHU CTpEeCC-HHAYIHPYeEMbIE, B CTPOME
3aMETHO HUKE, UYeM B IIAPEHXUME OIIyXOJIH.

N3BecTHO, YTO paKOBbIE KJIETKH IIOCTOSHHO
HaXOJISITCA B CTPECCOBBIX YCJIOBHSAX, TAKUX KaK aIu-
Jl03, TUIIOKCHSI, MeTabonueckuii epunut u aedu-
IIAT MUTATEJIbHBIX BelecTB [14]. B cBaA3u ¢ aTtuM
PaKOBbIE KJIETKU IEPECTPANBAIOT CBOU HHEpPreTHYe-
CKHUI MeTaboJIM3M B CTOPOHY IOMUHHUPOBAHUS TJIH-
KoJyu3a ¢ 60jiee aKTUBHBIM IIOTJIOIIEHHEM U ITOTpe-
GJIeHUEM TJIFOKO3bI, UTO, B CBOIO OUEPEb, IIPUBOJUT
K CHHJKEHHI0 BbIpabOTKH aseHO3uHTpudocdara
(AT®). Takoe ycuieHune aspoOHOTO TJIMKOJIN3A B
OITyXO0JIEBBIX KJIETKAX U3BECTHO Kak «dddekT Bap-
oypra» [14]. Bynyun AT®-zaBucumbiM, Hspgoo He
MOKeT (DYHKIITMOHHUPOBATh B YCJIOBUSAX IOHMKEH-
Horo cosiepkanusi ATO, Giarogaps uemy omyxoJie-
Bble KJIETKH OTAAIOT IPEAIOUTeHHEe BbIPaObOTKe
AT®-ue3aBucumoro Hsp27 [7, 14], 94TO BUAHO U3
IIp€eJICTaBJIEHHBIX PE3YJIHTATOB.

tumor cells tend to release ATP-independent Hsp27
[7, 14], as can be seen from the results presented.

In addition, it was shown that Hsp27 itself in
tumor cells through the Hsp27/Akt/HK2 pathway is
responsible for specific reprogramming of energy
metabolism in favor of higher glycolysis and oxida-
tive phosphorylation [15].

The presented results (Table 1) demonstrate that
the cytoplasmic expression of Hsp27 and Hsp9o sig-
nificantly exceeds the nuclear expression of these
markers, which can be explained by the fact that
these proteins are cytoplasmic, but they are capable
of translocation into the nucleus. Hsp27 can move
into the nucleus by passive transport through nuclear
pores, provided, however, it is in monomeric or
dimeric form [16]. In addition, it was shown that
phosphorylation of Hsp27 leads not only to produc-
tion of small oligomers but also to its translocation
into the nucleus, which indicates the presence of
inducible Hsp27 transport [17]. In turn, the translo-
cation of Hsp9go into the nucleus is regulated by ste-
roid hormone receptors. Hspgo facilitates the bind-
ing of the receptor to hormones, forming a complex
in which it is transported to the nucleus [18].

Since cancer cells are exposed to various proteo-
toxic stresses, they have overexpression of Hsps pro-
moting the maintenance the structure and activity of
oncogenic proteins, cancer cell survival, immune
system evasion, apoptosis inhibition, and drug resis-
tance development [7, 17]. Overexpression of Hsp9o
is a potential biomarker of unfavorable prognosis in
lung, breast, esophageal and bladder cancers, mela-
noma, thymoma, and leukemia [7]. Overexpression
or phosphorylation of Hsp27 has been observed in
many cancers, including breast, ovarian, endome-

14
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Kpowme Toro, mokazano, uto cam Hsp27 B omyxo-
JIEBBIX KJIeTKax uepe3 myTh Hsp27/Akt/HK2 ote-
yaer 3a crenuduyIecKkoe MepernporpaMMUpPOBaHTe
SHEPreTHUeCKOro MeTabosm3Ma B IOJIB3Yy 0Oosiee
BBICOKOT'O IJIMKOJIN3A U OKUCIUTEIBbHOTO pocdhopu-
JMpoBaHus [15].

N3 mpesicTaBeHHBIX Pe3yJsIbTaToB (CM. TabiI. 1)
BUJTHO, UTO ITUTOIUIA3MaTHIecKas sKcrpeccus Hsp2y
u Hsp9o 3HaUNTETHHO IPEBBIIIAET SAEPHYIO SKCIIPEC-
CHIO JAHHBIX MapKEPOB, UYTO MOKHO OOBSICHUTD TEM,
YTO JIAHHBIE OeJIKHU ABJIAIOTCS [IUTOIIa3MATHIECKUMU,
OJTHAKO OHU CITOCOOHBI K TPAHCIOKAIIUU B s171po. Hsp27
MOJKET TIepEMENIAThCs B sIPO IIyTEM IACCHBHOTO
TPAHCIIOPTA Yepe3 AAEPHBIE IIOPHI, OTHAKO IS 3TOTO
OH JIOJDKEH HaXOJIUThCS B CBOEM MOHOMEPHOU WJIN
muMepHoH (opme [16]. Kpome aToro, 6pU10 TOKA3aHO,
uro dhochopunupoBanre Hsp27 NpUBoIUT HE TOTBKO
K 00pa30BaHUI0 HEOOJIBIIINX OJINTOMEPOB, HO U K €r0
TPAHCJIOKAIMY B SI/IPO, YTO CBUIETETHCTBYET O HAJIH-
YW UHAYIHOEIbHOTO MexaHu3Ma TpaHcrnopra Hsp27
[17]. B cBoro ouepenp, TpaHcmokamus HSpoo B siapo
pery/IupyeTcsl pelenTopaMy CTEPOUHBIX TOPMOHOB.
Hspoo ob6sierdaer cBsA3BIBAHUE PELIENITOPA C TOPMO-
HaMu, oOpasys KOMILUIEKC, B COCTaBe KOTOPOTO OH
TpaHCIOPTHPYeTcs B spo [18].

Tak KaK pakoBbIe KJIETKU II0/IBEPraloTCs Pa3Ind-
HBIM IPOTEOTOKCUYECKUM CTPECCaM, B HUX ITPOUCXO-
JIUT TIOBBIIIEHHAsI DKCHpeccus OETKOB TEIJIOBOTO
IIIOKA, KOTOpast CiocoOCTBYET MOJIEPIKAHUIO CTPYK-
TYPbI U aKTUBHOCTH OHKOTEHHBIX O€JIKOB, BHIXKHBA-
HUIO DPAKOBBIX KJIETOK, YKJIOHEHUIO OT CHCTEMBI
UMMYHHOTO Ha/I30pa, ocyIabJIeHHIo aroITo3a u pas-
BUTHIO JIEKAPCTBEHHOH yCTOUUUBOCTH [7, 17]. IIOBBI-
IeHHas dKcnpeccus Hspgo saBiseTcss MOTeHITHATb-
HBIM OHOMAapKepoM HeOJIarompusATHOTOOrO IIPO-
THO3a IIPU paKe JIETKOTO, MOJIOUHOM JKeJIe3bl, TUIIe-
BO/Ia, MOYEBOTO ITy3bIPs, MEJIAHOME, TUMOME U JIeH-
kemuu [7]. CBepxakcnpeccuss Hsp27 wiu ero doc-
dopunupoBanue HabIIOATUCH TIPU MHOTUX BHAAX
paka, BKJIIOYas pak MOJIOYHOH JKeJie3bl, SMUHUKOB,
SHZIOMETPUS, JIETKUX, ITI€YeHNU U IPOCTAThI, U OBLIN
CBsA3aHBI C HeOJATONPHUATHBIM IIPOTHO30M JIJIst
MMAIEHTOB, a TAKXKe CIIOCOOCTBOBAIN IIPOTPECCUPO-
BAHUIO OITyXOJIX U 00pA30BaHUIO METACTA30B [7, 19].
B omyxosieBoil kietke Hsp27 moxker b0 Hamps-
MYIO B3aMMO/IENICTBOBATh C KaCIIa30¥-3 WU IUTOX-
pomom C, MHAKTUBUPYS UX, WU Yepe3 YpoBeHb PI13-
KHHAa3bl GJIOKMPOBATh TPAHCIOKANMIO Bax B MuUTO-
xoHApuu [20]. Hsp27 Takke MHAKTUBUPYET P53 U
BJIMSIET HA KAaCIa30-He3aBHCHUMBIE IIyTH aIoITO3a
yepes MpsMOe B3auMoJielicTBHE ¢ Daxx, IPUBOAS K
TIOBBIIIEHUIO BBIXKIBAEMOCTH KJIETOK [20].

B pesynbrare nccyiezioBaHus ObLIO BBISIBIIEHO, UTO
akcnpeccusa Hsp27 u Hsp9o npu P 3nHauurtensHO

trial, lung, liver, and prostate cancers, and has been
associated with unfavorable prognosis for patients,
as well as contributing to tumor progression and
metastasis [7, 19]. In a tumor cell, Hsp27 can either
interact with caspase-3 or cytochrome C, inactivat-
ing them, or block Bax translocation into mitochon-
dria through the level of PI3 kinase [20]. Hsp27 also
inactivates p53 and affects the caspase-independent
pathways of apoptosis through direct interaction
with Daxx, leading to increased cell survival [20].

Our study shows that the expression of Hsp27
and Hspgo in OC significantly exceeds that in BOTs.
This finding can be explained by the fact that BOTs
are low-grade tumors, occupying an intermediate
position between malignant and benign neoplasms.
In this regard, the expression of heat shock proteins
in them is higher than in benign stromal cells, but
lower than in the tumor parenchyma in OC.

CONCLUSION

The study results revealed clear differences in the
expression of the molecular chaperones Hsp27 and
Hspgo between tumor and stromal cells of ovarian
serous adenocarcinoma, as well as between malignant
and borderline neoplasms. It was found that both
Hsp27 and Hspgo demonstrate significantly higher
expression in the tumor parenchyma compared to the
stroma, reflecting the active involvement of these pro-
teins in the processes of tumor growth, metabolic
adaptation, and cellular protection from stress factors
characteristic of the tumor microenvironment.

The utmost attention should be paid to the fact
that the expression of Hsp27 significantly exceeds the
level of Hsp9o expression in all cellular compartments
of tumor tissue studied. This may be due to the fact
that Hsp27, unlike Hspgo, operates independently of
ATP and, therefore, is able to have a protective effect
under energy deficiency characteristic of tumor cells
(the Warburg effect). The higher expression of Hsp27
in tumor cells may reflect its involvement in apoptosis
inhibition, activation of proliferation, migration, and
epithelial-mesenchymal transition, as well as in
remodeling of metabolic pathways, which enhances
the malignant potential of serous OC.

It is important to emphasize that the differences
in the expression levels of Hsp27 and Hsp9o chaper-
ones between serous carcinoma and BOTs confirm
their possible role as diagnostic and prognostic
markers. More than fourfold increase in the count of
Hsp-positive cells in serous carcinoma compared
with borderline neoplasms indicates that Hsp27 and
Hspgo can be used as differential immunohisto-
chemical markers for morphological verification of
the grade of tumor malignancy.
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mpeBsbImaer TakoBylo mpu I10f. JlanHoe Habrozme-
HHE MOKHO 00bACHUTH TeM, uto [10 mpencraBiisoT
€000 CTPYKTYPHI HU3KOH CTEIEHU 37I0KaUeCTBEHHO-
CTH, 3aHUMAIOIINE IIPOMEKYTOUYHOE IOJIOKEeHUe
MeXK/y 37I0KaUeCTBEHHBIMU U I00pOKavYeCTBEHHBIMU
HOBOOOpa30BaHUSAMU. B CBS3H C 3TUM DKCIIPECCHUs
0eJIKOB TEIJIOBOTO IIIOKA B HUX BBIIIE, UEM B CTPO-
MaJIBHBIX JTOOPOKAUeCTBEHHBIX KJIETKAX, HO HIDKE,
4eM B MapeHxuMe omyxosu mpu PA.

3AK/IOYEHUE

Pe3ysbTaThl IPOBEZEHHOTO HCCJIEOBAHUS BbIA-
BIWJIM YeTKUe Pa3jIndusd B SKCIPECCUU MOJIEKYJIAP-
HbBIX ImanepoHoB Hsp27 u Hspgo mexay omyxosie-
BBIMH U CTPOMAJIBHBIMU KJIETKAMU CEPO3HOU aJIeHO-
KapIIMHOMBI NYHHUKOB, a TaK)Ke MeXKJy 3J0Kaue-
CTBEHHBIMU U ITOTPAHUYHBIMU OnyXossimu. OOHapy-
JKeHo, 4To Kak Hsp27, tak u Hsp9O mokasmiBaroT
3HAYUTEJIBHO 0O0JIee BHICOKYIO SKCIIPECCUIO B ITAPEH-
XMMATO3HBIX 3JIEMEHTaX OILyXOJIU 110 CPABHEHUIO CO
CTPOMOH, YTO OTpakaeT aKTUBHYIO BOBJIEUEHHOCTH
JIAHHBIX OEJIKOB B IIPOIIECCHI OITyXOJIEBOTO POCTa,
MeTaboJIMYeCKON IaNTAllU U KJIETOUHOHN 3aIUThI
OT CTPECCOBBIX (PAKTOPOB, XaPAKTEPHBIX JJIsI MUKPO-
OKPY?KeHUs 3JI0KaUeCTBEHHOH! OITyXOJIH.

Oco60r0 BHUMAHUS 3aCITy?KIUBAET TOT (PAKT, UTO SKC-
mpeccust Hsp27 3HAUNTETBHO ITPEBBIIIAET YPOBEHD SKC-
mpeccur HSpQO BO Bcex aHAIM3UPYEMBIX KJIETOYHBIX
KOMITAPTMEHTAX OIyXOJIEBOH TKAHHU. ITO MOXKET OBITh
obyciioBieHo TeM, uro Hsp27y, B ommmume ot Hspgo,
¢yukmmonupyer HezaBucuMo oT AT® wu, ciemosa-
TEJILHO, CITIOCOOEH OKa3hIBATh ITPOTEKTHUBHOE JIEHCTBIE
B YCJIOBUSIX SHEPTETUIECKOT0 Je(PHUINTA, XapAKTEPHOTO
JUISI OIyXOJIeBBIX KJeTok (addext BapOypra). Bosee
BBICOKasA dKcrpeccusi Hsp27 B OIMyXoJieBBIX KJIETKaX
MOXKET OTPAKATh €TI0 YUACTHE B IIO/IaBJIEHNH aIloITo3a,
aKTUBAIMK Tposudepany, MUTPAIUU U 3IUTeIH-
JIbHO-ME3eHXNMAaJIbHOM IIEPEXO/IE, a TAKXKe B peMo/ie-
JINPOBAaHUM MeTabOJIMYECKHUX ITyTEH, UTO YCHUJIMBAET
3JI0KaueCcTBeHHBIH noTeHI1as cepo3Horo PA.

BaxxHO MO/TYEPKHYTD, YTO BBIABJIEHHBIE HAMU Pa3-
JIMIUS B YPOBHSX SKCIIPECCHH INanepoHoB Hsp27 u
Hsp9o mexmy ceposnoil kaprmHomoil u 10 mop-
TBEP’K/AIOT UX BO3MOKHYIO POJIb KaK INarHOCTHYECKUX
U IPOTHOCTHYECKUX MapKepoB. Bosee uem deThIpex-
KpaTHOe yBeJIMUeHHe KoJmdecTBa HSp-TIO3UTUBHBIX
KJIETOK IIPH CEpO3HOM KAapIMHOME B CpPaBHEHUH C
[IOrPaHIUYHBIMY 00PA30BAHUAMU YKA3bIBAET HA TO, UTO
Hsp27 u Hsp9O MOryT HCHOJB30BaThCSA B KadyecTBE
i depeHIHaTBHBIX TMMYHOTCTOXUMUYECKUX Map-
KepoB Mpy MOPGOJIOTHYECKON BEpU(DUKAIIUN CTENIEHH
3JI0KQUeCTBEHHOCTH OITyX0JIEBOTO IIpoliecca.

C mpakTHUYeCcKOU TOUKU 3peHus IIpe/ICTaBIeHHbIe
JJaHHBbIE CBUJIETEJIBCTBYIOT O TOM, uTo Hsp27 u

From a practical perspective, the presented data indi-
cate that Hsp27 and Hspgo can potentially be consid-
ered as therapeutic targets in the treatment of serous OC.
Modern targeted therapy strategies aimed at modulating
chaperone activity, especially in the context of drug resis-
tance and cancer cells’ evasion from the immune surveil-
lance, open up new horizons for an individualized
approach in the treatment of these patients.

Thus, the revealed features of Hsp27 and Hspgo
expression not only expand the understanding of the
molecular mechanisms of carcinogenesis and pro-
gression of serous OC, but also indicate the prospects
of using these proteins as biomarkers and targets for
innovative approaches to the diagnosis and treat-
ment of ovarian tumors.
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Hsp9o noreHIiuasbHO MOTYT pacCMaTpUBaThCA KakK
TepaneBTUYECKHE MUIIIEHU TIPU JIEYUEHUN CEPO3HOTO
PA. CoBpemeHHBIE CTpaTeruu TapreTHOU Tepaluw,
HallpaBjeHHble Ha MOZYJIAIIUI0 aKTUBHOCTHU IIalle-
pOHOB, 0COGEHHO B KOHTEKCTE JIEKapCTBEHHOM
YCTOWYUBOCTU U YKJIOHEHUS OIIyXOJIEBBIX KJIETOK OT
HMMYHHOI'O Ha/i30pa, OTKPBIBAIOT HOBbIe TOpPH-
30HTHI I WHAUBUIYAJIU3UPOBAHHOIO IOJIXO7a B
Tepanuu JAaHHOU KaTeropuy NalnueHToK.

TakuMm 0Opa3oM, BBISBJIEHHbIE OCOOEHHOCTH DKC-
npeccunn Hsp27 m Hsp9o He TOJIBKO pPaCIIUPSIOT
IpejicTaBjeHNe O MOJIEKYJIIPHBIX MeXaHU3Max KaH-
LieporeHes3a U IpOrpeccupoBaHusa cepo3Horo PA, HO
U CBH/IETEJIBCTBYIOT O IEPCIIEKTUBHOCTH MCIIOJIb30Ba-
HHUS 9TUX OEJIKOB B KauecTBe OMOMapKepOB U MUIIIE-
Hel 711 THHOBAI[OHHBIX IT0/IX0/I0B K IUATHOCTUKE U
JIEYEHHUIO 3JI0KAYECTBEHHBIX OITyX0JIeH SUIYHUKOB.

BbaarogapHOCTH. ABTOPBI BBIpaXKAIOT OJsaro-
JapHocTh I[eHTpy KOJIIEKTUBHOTO II0JIb30BAHUS
«Mepunuackasa re"HoMuka» OI'BHY «Tomckuit
HAIlMOHAJIbHBIN MCCIEN0BATEILCKUNA MEeIUIINHCKUNA
meHTp Poccuiickoll akaZeMuH HayK» 3a BO3MOXK-
HOCTB HCIIOJIb30BAaHUS HAYTHOTO 000PYI0OBAHUS.

KoH@IUKT HHTEPECOB. ABTOPHI 3asIBJISIOT 00
OTCYTCTBUU KOH(JINKTA UHTEPECOB.
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AHHOTAIIA

BBegeHue. BiurepaType Bce uale ONUCHIBAETCA HETUITNYHASA KIIMHUYECKAst KAPTUHA IICOPUA3a U ATOIIHYECKOTO
nepmaruta (Al) y nereii, coueraroinas B cebe uepThl 060ux 3a601eBaHni. [HCTOIOTUYECKOE HCCIeI0BAHIE, TPOBOIUMOE
B PaMKaxX KOMILIEKCHOH JUArHOCTUKY, B TAKUX CJIy4Jasax He IaeT OTHO3HAYHBIN OTBET B II0JIb3Y TOTO MJIM HHOTO 3a00IeBa-
HUS, TIPE/ICTABIIAS HEOTIPEeZeIEHHYI0 MOP(OIOrHYecKyo KapTUHY B CDAaBHEHUH € KJIaCCHYeCKUMU popMaMu [Icopuasa u
AJl. IIpu sTOM KJIaccu4eckre MOp(hOIOTHUECKHEe KPUTEPHH /1A Iicopruasa u Al 6p11n onrcaHsbl 6e3 yueTa BO3pacra maru-
€HTOB, MMO3TOMY OCTa€TCsI HEsICHON BO3MOXKHOCTH NPUMEHEHHs] MOP(OIOTHUECKUX KPUTEPUEB B3POCIBIX IS JHUATHO-
CTHKU TIATOJIOTHUYECKOTO TIPOIlecca B KOXKe JIeTeH.

Il e 1 b . JlaTh XapaKTEPUCTUKY IATOMOP(OIOTHIECKHM HU3MEHEHHAM B BOCHAIUTEIBHBIX DJIEMEHTAX KOXKU JIeTed ¢
HeoImpesiesieHHOU kinHnuYeckod kaprtuHou (HKK) 3abosieBaHusi B CPABHEHUH C U3MEHEHUSIMU B BOCIIJIUTEJIHHBIX BJIe-
MEHTAaX KOKH IPU TUITMYHOU KJIMHUYECKOH KapTHHE nicoprasa u A/l y eTei 1 B3POCIbIX.

Matepuanab U MeTO/Bbl . BbpulonpoBeeHO cpaBHUTENIbHOE MOphOMeTpUUYECKOe UCCile/JoBaHKEe OHOIITATOB
KOXKH JIETEH ¥ B3POCJIBIX 6 TPYIIIL: 2 TPYIIBI B3POC/IBIX MAI[HEHTOB — € TICOpra3oM u AJl; 2 TpyIbl fieTeli ¢ icopuazom u AJl,
MMEIOIIUMU TUIUYHYIO KINHUYECKYIO KAPTHUHY, TIOATBEPKAECHHYIO THCTOJIOTHUECKIM HCCIeIoBaHeM; rpyta aeteir ¢ HKK
3a00s1eBaHusA (OTCYTCTBOBAIM THIIMYHBbIE MOPQOJIOrHYECKHe IPU3HAKY ITcoprasza u AJl); MocIeHIOn, 6-10 TPYIIILY COCTa-
BIJIM OMONITATBI KOXKU JIeTel, IIOJyYeHHOH TP XUPYPIUYIeCKUX MAHUITYJIAUAX IPY HeZIEPMATOIOTHIECKUX 3200J1€BAaHIAX.
PesyunbTartsbl . CpaBHUTENbHBIH MOpOMETpUUECKUN aHAIN3 OHUONTATOB KOKU HCC/IEYEMBIX BBISBUI, UTO IIPU
TUIIMYHOM IICOpHa3e CTPYKTYPHble U3MEHEeHU B SIIUJIepMICe Y ieTell ¥ B3POCJIbIX UMeJId HauMeHblilee KOJTMYeCTBO pas-
sanit. [Ipu Al CTPYKTYpHBIE Pa3/IMUMsI 3JIEMEHTOB KOXKH JIETEH U B3POCIBIX O0Jiee BhIpaskeHbl. KJIETOUHOCTH BOCTIAIIH-
TeJIbHBIX WHQUIBTPATOB B JETCKUX IPyIIax Oblja HUXKe, YeM y B3POCJIBIX C COOTBETCTBYIOIIMMU 3a60JIEBAHUAMU, U C
GoJipiiie 1oseit TuMouToB. B TO ke BpeMs asieMeHTHI cbitiu ieteil ¢ HKK 3a6osieBanus umesu 60J1bIie 001ux Mopgdo-
JIOTUYECKUX YePT C 3JIeMEHTaMHU KOXKH JIeTel IPYTUX TPYIII, YeM € DJIEMEHTAMU KOXKH B3POCIIBIX.

3axknwueHue. CrpykrypHble npeobpasoBanus snugepmuca y gereii ¢ HKK 3a6osieBaHus 110 BBIOpaHHBIM KJIac-
CHUYECKUM KPUTEPHAM 3aHUMAaJIN IPOMEKYTOTHOE ITOJIOJKEHNE MEK Iy IPYIIaMu Iicoprasa u A/l 1 uMesu 60s1bie 001X
MOPGOJIOTUYECKHX UEPT ¢ DJIEMEHTAMU KOXKH y fieTeil. OJHAKO BBISABJIEHHOE CBOEOOpa3re BOCHATUTETLHOTO UH(PUIb-
TpaTa B asieMeHTax koxku npu HKK 3a6oseBanus TpeOyeT abHENIIIEr0 U3yYeHusl.

Kaouessle crosa: ncopuas, aTOIUIYECKUH JIEPMATHT, HEOIIpe/ieJIeHHble KIMHIYeCKHe (GOPMBI IepMaTo30B y JEeTel,
MopdOoI0THSA AEPMATHUTA.
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ABSTRACT

Introduction. Theliterature increasingly describes an atypical clinical picture of psoriasis and atopic dermati-
tis (AD) in children, combining the features of both diseases. Histological examination conducted as part of a comprehen-
sive diagnosis in such cases does not provide an unambiguous answer in favor of one or another disease, presenting an
undetermined morphological picture in comparison with the classical forms of psoriasis and AD. At the same time, the
classical morphological criteria for psoriasis and AD were described without considering the age of patients, so it remains
unclear whether morphological criteria for adults can be used in the diagnosis of skin pathological process in children.

A im . To characterize the pathomorphological changes in the skin lesions of children with an undetermined clinical
picture (UCP) of the disease in comparison with changes in the inflammatory skin lesions with a typical clinical picture of
psoriasis and AD in children and adults.

Materials and methods. Acomparative morphometric study of skin biopsies of children and adults of
6 groups was performed : 2 groups of adult psoriasis and AD patients; 2 groups of children with a typical clinical picture of
psoriasis and AD confirmed histologically; a group of children with UCP of the disease (without typical morphological signs
of psoriasis and AD); the last, 6th group, comprised biopsies of children’s skin obtained during surgical procedures for
non-dermatological diseases.

Results. Thecomparative morphometric analysis of the skin biopsies showed that in typical psoriasis, the structural
changes in the epidermis of children and adults were the least. In AD, the structural differences of the skin lesion morpho-
logy in children and adults are more pronounced. The inflammatory infiltrate cellularity in the children’s groups was lower
than in adults with the same diseases and had a higher count of lymphocytes. At the same time, the skin lesions in children
with UCP had more morphological features in common with the skin lesions of children in other groups than with those of
adults.

Conclusion. According to the selected classical criteria, the structural changes of the epidermis in children with
UCP occupied an intermediate position between the psoriasis and AD groups and had more morphological features in com-
mon with the skin lesions in other children groups. However, the peculiarity of the inflammatory infiltrate found in skin
lesions in UCP of the disease requires further investigation.

Keywords: psoriasis, atopic dermatitis, undetermined clinical forms of dermatoses in children, morphology of derma-
titis.

Citation example: Yurina N.V., Ageeva T.A., Leontyev D.V., Kliver E.E., Sergeeva I1.G. Comprehensive mor-
phological characteristics of skin lesions in children with an undetermined clinical picture of dermatosis in comparison
with typical forms of psoriasis and atopic dermatitis in children and adults. Journal of Siberian Medical Sciences.
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BBEJIEHUE

ITocTerneHHO HAKATLJTUBAIOTCS CBEZIEHUs O IOTrpa-
HUYHBIX (popMax 3ab0JIeBaHUN Y IeTel, He YKIIa bl
BAIOIIUXCS B THTUYHYIO KJIMHUYECKYIO KAPTUHY I1CO-
puaza u aTonuueckoro aepmaruta (AJl), xapakTepu-
3YIOIUXCA KaK «HEOMpe/lesieHHAasA KIMHUYECKast
kaptuHa» (HKK) nmepmatosa [1—7]. CoryiacHO akTy-
QJIbHBIM KJIMHUYECKUM pekoMeHanusam Oob1epoc-
CUHCKOH OOIecTBeHHOU opraHusanuu «Poccuii-

INTRODUCTION

Information is gradually accumulating on bor-
derline forms of disease in children that do not fit
into the typical clinical picture of psoriasis and
atopic dermatitis (AD), referred to as the undeter-
mined clinical picture (UCP) of dermatosis [1-7].
According to the current clinical recommendations
of the Russian Society of Dermatovenereologists
and Cosmetologists (Psoriasis, 2020; Atopic Der-
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CKOe 00IIecTBO IepMaTOBEHEPOJIOTOB U KOCMETOJIO-
rop» (Ilcopmuas, 2020; ATONUYECKUH IepPMAaTHT,
2021), B TUIIMYHBIX CJIydasax ncopuas u A/l He Tpe-
OYIOT THCTOJIOTHYECKOTO IIOATBEPIKAEHUSA, U JHa-
THO3 YCTAHABJIMBAETCA HA OCHOBAaHUU BepUDUITUPO-
BaHHBIX  KJIMHUKO-JTA0OPATOPHBIX  KPUTEPUEB.
Opnako B ciyuasx ¢ HKK gepmaTtosa gepmaTosaoru-
KJIMHUIUCTHI TPUOEraroT K TUarHOCTUYECKOH OUOoI-
CHU BOCHAJIUTEJIbHBIX DJIEMEHTOB KOXKHU C I€JIBIO
OKOHYATEeJIbHON BepuduKanuu mpoiecca. Mopdo-
JIOTHYECKHEe KPUTEPUHU TUIIMYHBIX GOPM IIcoprasa u
AJ] 3BeCTHBI, OTHAKO BCE OHU TPAKTYIOT MOPGOJI0-
ruJyecKre W3MeHEHHUsA B 3aBHUCHUMOCTH OT TSXKECTH
mporiecca, JoKaausauu, GopMbl 3a00IeBaHUA, HO
He YUUTHIBAIOT BO3PACT MAMIEHTOB. B TO ke BpeMs B
KJIMHUYECKOH IPAaKTHUKE YCTAHOBJIEHA 3aBUCUMOCTD
KJIMHUYECKOH (hopMBbI 3a601€BaHUH, 0COOEHHOCTEH
rmaToreHe3a M JiedeHUs OT BoO3pacTa IaIUeHTOB
[8—10]. Koxka y sreTeli uMeeT psiji OTJIUYHN OT KOXKHU
B3pOCJIOr0, TAKWE KaK MEHBIIAas TOJIINHA SIUIEP-
MHCA U KEPaTUHOBOTO CJIOS U CBA3AHHOE C 3TUM
HECOBEPIIIEHCTBO 3IHJIEpMaJIbHOTO OGapbhepa, 60Ib-
mas  BaCKyJIAPU30BAaHHOCTh, TUAPODUIBHOCTS,
WHBbIe MUKpPO(IIOpa, UMMYHOJIOTHYECKHE XapaKTe-
PUCTHKH U TOPMOHAJIbHAA peryssinus [11—13]. Pas-
JINYHBIE MCCIEIOBAHUA, B TOM YHCJIe U Halle [14],
MOKa3aJul HeOAHO3HAYHOCTh MOP(QOJIOTrHUecKOu
KapTHUHBI IIPU HEONpeJeJIEHHBIX KJIMHUYECKUX
COCTOSIHUAX Y IETEN B CPABHEHUH C KJIACCUUECKIMHU
onucaHuAMU 3a601€BaHUH, KOTOPbIE HE YUUTHIBAIH
Bo3pacT manueHToB. IIpesncraBisgeTcs BasKHBIM
comocraBeHre MOPGOJIOTUUECKUX XapaKTEPUCTUK
ayeMmeHTOB Koxku Jletert ¢ HKK nepmarosa u tunudg-
HBIM TIPOSIBJIEHUAMHU Icopuasza u All y gmereit u
B3POCJIBIX.

ITEJIb UCCJIEJIOBAHUSA

JlaTh XapaKTEPUCTUKY MaTOMOPGhOIOTUYECKUM
M3MEHEHUAM B 3yieMeHTax Koku siereii ¢ HKK 3abo-
JIeBaHUs B CPAaBHEHUU C U3MEHEHUSMU B BOCIIAJIH-
TEJIbHBIX 3JIEMEHTAX KOXKU [IPU TUITUYHOU KJINHUYe-
CKOM KapTuHe 1icopuasa u A/l y neTeil 1 B3pOCIIbIX.

MATEPUAJIBI 1 METO/IbI

CdhopMHpOBaHbI MIECTh IPYHI OHONTATOB KOXKU
manyeHToB. /IBe Tpymmbl B3POCJIBIX MHAEHTOB C
JIMaTHOCTUPOBAHHBIM IICOPHA30M (1 = 10, CpeaHUH
BO3pAacCT 34,4 + 3,73 rojia, 5 *KEHIIUH, 5 My>KIUH) 1
aTOMUYECKUM JlepMaTUTOM (n = 7, CpeaHUi BO3pacT
40,5 + 5,41 TO/A, 4 >KEHIIUHBI, 3 MYKUYUH); JIBE
TPYIIIBI JIeTed C IMarHOCTUPOBAHHBIM IICOPUAZOM
(n =7, cpequuii Bo3pacr 11,5 + 1,86 rojja, 3 1eBOYKH,
4 MaJIbuMKa) U aTOIMUYECKUM JiepMaTuToM (n = 10,
cpeaHUE Bo3pacT 8,3 +1,39 ro/ia, 3 IEBOUKH, 7 MaIb-

matitis, 2021), in typical cases psoriasis and AD do
not require histological confirmation and the diag-
nosis is made using verified clinical and laboratory
criteria. However, in cases of dermatosis with UCP,
dermatologists in clinical practice resort to diag-
nostic biopsy of inflammatory skin lesions to defini-
tively verify the diagnosis. Morphological criteria
for typical forms of psoriasis and AD are known,
and they consider morphological changes in terms
of the severity of the process, localization and form
of the disease, but do not take into account the age
of the patient. At the same time, in clinical practice,
the dependence of the clinical form of diseases,
peculiarities of pathogenesis and treatment on the
age of patients has been established [8—10]. Chil-
dren’s skin has a number of differences from adult
skin, such as lesser thickness of the epidermis and
keratin layer, and the associated imperfection of the
epidermal barrier; greater vascularization, hydro-
philicity; different microflora, immunological char-
acteristics and hormonal regulation [11—13]. Vari-
ous studies, including ours [14], have shown the
ambiguity of the morphological picture with unde-
termined clinical conditions in children in compari-
son with classical descriptions of diseases that did
not take into account the age of patients. It is impor-
tant to compare the morphological characteristics
of skin lesions in children with UCP of dermatosis
with typical manifestations of psoriasis and AD in
children and adults.

AIM OF THE RESEARCH

To characterize pathomorphological changes in
the skin lesions in children with UCP of the disease
compared to changes in the inflammatory skin
lesions with a typical clinical picture of psoriasis and
AD in children and adults.

MATERIALS AND METHODS

Six groups of skin biopsies of the patients were
formed. Two groups of adult patients diagnosed with
psoriasis (n = 10, mean age 34,4 + 3,73 years,
5 women, 5 men) and atopic dermatitis (n = 7, mean
age 40,5 + 5,41 years, 4 women, 3 men); two groups
of children diagnosed with psoriasis (n =7, mean age
11,5 + 1,86 years, 3 girls, 4 boys) and atopic dermati-
tis (n = 10, mean age 8,3 +1,39 years, 3 girls, 7 boys)
having a typical clinical picture, which was confirmed
histologically; a group of skin lesion biopsies from
10 patients aged 2 to 15 years with UCP (mean age
9,2 + 1,11 years, 6 girls, 4 boys) with typical morpho-
logical signs of psoriasis and AD. The sixth group
consisted of skin biopsies of children obtained dur-
ing surgical procedures for non-dermatological dis-
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YHUKOB), IMEIOIIUMHU THIUYHYIO0 KJIMHUUECKYIO Kap-
THUHY, HOATBEPXKIEHHYIO THCTOJIOTUYECKUM HCCIIe-
JIOBaHWEM; Tpyla OWONTATOB 3JIEMEHTOB KOXKHU
10 marueHToOB B Bo3pacre oT 2 70 15 jier ¢ HKK
(cpenmHuMii BO3pacT 9,2 +1,11 ro/1a, 6 IeBOYEK, 4 MaTh-
YUKa), B KOTOPHIX OTCYTCTBOBAJIM TUIIUYHBIE MOP-
(¢osnornueckue npusHaku ncopuasa u A/l. lllecryro
TPYIIITY COCTAaBHJIN OUOIITAThI KOKU JIeTe, ITOJTydeH-
HOH TIpU XUPYPrHUYECKUX MAHUMYJIAINUAX TIPHU
HeJIepMaTOJIOTHYECKUX 3a00J1eBaHUAX (TPBIZKEBBIE
BOPOTa, MMOPOKH Pa3BUTUA U 1Ip.) (n = 10, cpeaHUNA
BO3PACT 9,2 + 1,41 TOfia, 5 MAJIBUUKOB, 5 JI€BOUEK).

BuoncupoBanHble GparMeHThl KOXKU (HUKCUPO-
BaJIM B 10% pacTBOpe HEUTPaTHLHOTO (HOpMasIHHA,
MPOBOJIMJIA B CIUPTAX BO3PACTAOIIEN KOHIEHTpPa-
nuy, 3anuBanau B napaduH. [TapaduHoBble cpesbl
TOJIIIUHOY 3—4 MKM OKPAaIIUBAIN FeMaTOKCHUINHOM
1 503UHOM. [IpUTOTOBJIEHHbIE TIPENapaThl UCCIIENO0-
BJIM METOJIOM CBETOBOU MUKPOCKOIIUH B IIPOXO/IS-
eM cBeTe Ha MUKpockorie Leica DM2500 [15].

J1y1s1 aHaTM3a BRIOPAHBI TPU TPYIITIEI MOPGOJIOTH-
YeCKHX IPU3HAKOB, XapaKTEPUIYIOIINX COCTOSHUE
IJIOCKOTO SIUTENTHA, COCYZOB COCOYKOBOTO CJIOS
ZIEPMBI ¥ BOCIIAJIUTEJIbHbIE HH(PUIBTPATHI B COCOU-
KOBOM H CE€TYATOM CJIOE JiepMbI [16—18].

MopdomeTpruyeckn OIEHUBAIN: YUCIEHHYIO
WIOTHOCTh (NV) akaHTOTUYECKHUX TsDKeH Ha eau-
HUIy JJIMHBI (B TI0JIe 3PeHus, NPHU YBeJIUYEeHUH
x200), UX JUTHHY (MKM), IIUPUHY Y OCHOBAHUSA U Ha
KOHIIe (MKM); YUCJIEHHYIO IUIOTHOCTH (NV) Kammi-
JISIPHBIX TI€TeJIb B COCOYKOBOM CJIOE JIepMBI (B ITOJIE
3PEHUS, [IPH YBEJINUEHUH X200). OlleHeHbI YHC/IEH-
Hasl IJIOTHOCTh KJIETOK BOCHAJIUTEIBHOTO MHOUIb-
Tpara (NV) ¥ ero KIeTouHbIH cocTaB (%) COCOUKO-
BOTO U CETYATOTO CJIOEB ZIEPMBI I[yTEM II0/[CUeTa Ke-
TOK B 10 CIy4aHHBIX MOJISAX 3peHus (pU yBeude-
HHH X400) OT KaKI0ro maiuenTa [19].

Crartuctuueckuil aHaJIN3 TPOBOAMIICS C UCIIOJIb-
30BaHUEM TIIaKeTa CTAaTUCTUYECKUX WHCTPYMEHTOB
Microsoft Excel 2007. ITpoBepka MmosiydeHHBIX ITOKa-
3aTeJied BhIABMJIA HOPMaJIBHBIN 3aKOH pacIpeesie-
HUS 3HAUEHUH, MOATOMY JaHHBIE MPEICTABJIEHB B
Buzie M (SD), rme M — cpefHee apudMeTHYECKOe,
SD — ommbka cpenHero apudmermndeckoro. Jlocro-
BEPHOCTh CPAaBHUBAEMbBIX BEJUYUH OIEHUBAIU II0
kputepuio CteiozieHTa. OOCYKIATNCh PE3YIBTATHI C
JTOCTOBEPHOCTBIO Pa3INIUi IIpHU p < 0,05.

[Toctpoenue rpadUUeCcKUX CXeM IPOBOAUIOCH C
HCIIOJIb30BaHMEM sA3bIKa Python u OubGimorexu
Pillow 151 mocTpoeHusi reOMeTpUYecKux puryp.

HccnemoBanue 000peHO STUUECKUM KOMUTETOM
HoBocubupCcKoro rocy1apcTBEHHOTO METUITITHCKOTO
yHUBepcuTeTa (MPOTOKON NO 147 OT 17 OKTAOpPA
2022 1.) Bce maiueHThl MO0 WX TPENCTABUTENU

eases (hernial orifices, malformations, etc.) (n = 10,
mean age 9,2 + 1,41 years, 5 boys, 5 girls).

The skin biopsy fragments fixed in a 10% solution
of neutral formalin, processed in alcohols of increas-
ing concentration, and embedded in paraffin. Paraf-
fin sections of 3—4 p thickness were stained with
hematoxylin and eosin. The specimens were exam-
ined by light microscopy in transmitted light using a
Leica DM2500 microscope [15].

Three groups of morphological features were
selected for analysis, characterizing the state of the
squamous epithelium, papillary dermis vessels and
inflammatory infiltrates in the papillary and reticular
dermis [16—18].

The numerical density (Nv) of acanthotic epi-
dermal rete ridges per unit length (in the field of
view, at magnification x200), their length (),
width at the base and at the end (u); numerical
density (Nv) of capillary loops in the papillary der-
mis (in the field of view, at magnification x200)
were assessed morphometrically. The numerical
density (Nv) of inflammatory infiltrate cells and
their cellular composition (%) of the papillary and
reticular dermis were assessed by counting cells in
10 random fields of view (magnification x400)
from each patient [19].

Statistical analysis was carried out using Micro-
soft Excel 2007 statistical tools. A check of the
obtained data revealed normal distribution of values,
therefore, the data is presented in the form of M (SD),
where M is the arithmetic mean, SD is the error of
the arithmetic mean. Significance of the compared
values was assessed according to the Student’s test.
The results with significant differences at p < 0,05
were analyzed.

The plots were built using Python and the Pillow
Imaging Library for constructing geometric shapes.

The study was approved by the Ethics Committee
of Novosibirsk State Medical University (Protocol
No. 147 dated October 17, 2022). All patients or their
representatives provided written informed voluntary
consent to undergo therapeutic and diagnostic inter-
ventions, medical records review and participation
in the study.

RESULTS

Comparative morphometric assessment of the
changes in the squamous epithelium revealed that all
the parameters in normal skin showed a significant
statistical difference from the parameters of the
inflammatory lesions of all groups (Table 1). Com-
paring the structures of the skin lesions in children
and adults with typical clinical forms of psoriasis and
AD, it was found that in the psoriasis group, the only
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Jla7y MHUChbMeHHOe MH(pOPMUPOBAHHOE T0OPOBOJIB-
HOe COIJIacue Ha MPOBeJieHUe JIeYeOHO-/TUATHOCTH-
YeCKUX MEPOIPUITUN, aHAIN3 JTAHHBIX MEIMIUH-
CKHX JJOKYMEHTOB U yYacTHE B UCCIIEIOBAHUM.

PE3YJ/IBTATDI

I[Ipu  cpaBHUTETBLHOH  MOp(OMeTpUUECKOH
OIleHKe M3MEHEHUH ILJIOCKOTO SIHUTENUS YCTaHOB-
JIEHO, YTO BCE HCCJIEyeMbIe IapaMeTpbl HOpMaJib-
HOH KOKM UMEIOT 3HAUMMO€ CTaTUCTHUYECKOE OTIU-
Ypie OT TapaMeTPOB BOCHAJIUTEBHBIX 3JIEMEHTOB
Beex rpymm (Tabs. 1). CpaBHUBAs CTPYKTYPHI dJIe-
MEHTOB KOJKH JIeTell W B3POCJBIX MPU TUITUYHBIX
KJIUHUYeCKUX opMax rncoprasa u AJl, ycTaHOBUIIH,
YTO B TPYIE IICOpHAa3a €TUHCTBEHHOE pas3jindiue
MEXY MOPDOOMETPUUYECKUMH XapaKTEPUCTUKAMH
OJIAIIEYHBIX BJIEMEHTOB Yy JIETeH U B3POCBIX COCTO-
SJI0 B JIJINHE AKAHTOTUYECKHUX TSIKEH, KOTOpPBIE
ObLIH JJTUHHEE Y JIeTEl, UeM y B3POCJIbIX, Ha 12 %, U
5TO MaKCUMAJIbHBIN TIOKA3aTeJIb BO BCEX CPAaBHUBae-
MbIX rpymnmax. B rpymnme AJl 3HAUMMOE pasIndune
BJIEMEHTOB Y JIeTeH U B3POCJIBIX BBISBJIEHO IO JIBYM
MTOKa3aTeJIsIM: KOJIMUYECTBY aKAHTOTUUYECKUX TSIKEeH
U X TOJIIUHE Y OCHOBaHUsA. Y B3POCIBbIX KOJIHUYE-
CTBO aKAHTOTHYECKHUX TSKEeH MeHbIIe, UeM y JIeTeH,
Ha 9 %, M 3TO MUHUMAJIbHBIM MTOKAa3aTeIb BO BCEX
rpyIiax, a TOJIIUHA TsKeH Yy OCHOBaHUA Ha 25 %
60JIbIIIE, UeM Y IETEH, ¥ 9TO MAKCUMAJIbHBIH ITOKa3a-
TeJIb CPEN BCEX CPaBHUBAEMBIX TpyIin. KosuuecTBo
KAIWUISAPHBIX II€TeJIb B OJISIIEUHBIX 2JIEMEHTaX
KOJKH B TPYTIIaX € ICOPUA30M OBLIO MaKCUMAaTHHBIM
U CTATUCTHUYECKU HEe Pa3INYaioch MEK/y IeThbMU U
B3pocibiMu. IIpu A/l KOJIHYECTBO KANMMJUISIPHBIX
IeTeIb B BJIEMEHTaX y B3POCJBIX ObLIO Ha 46 %
OoJIbIlle, YEM Y JIETEH.

Takum 06pasoM, IPU CPABHEHWHM BOCIIATIHTEIb-
HBIX BJIEMEHTOB KOXKHU Y JIeTell U B3POCJIBIX B TPYIIIIE
rcopriaza UMeeT MECTO OJTHO HEe3HAUNTETbHOE OTIH-
Yue B JUIMHE aKaHTOTHYECKHUX TsiKeH, a B rpyrie A/l
CTPYKTYpPHbIE H3MEHEHHUs PAasJIMYalOTCs IO TPeM
MpU3HaKaM U 0oJiee 3HAUUMBI. B 11e710M mipu cpaBHe-
HUM TUMWYHBIX 3JIEMEHTOB Iicopuasa u AJl BO Bcex
BO3PACTHBIX TPYIIIAX Y A€TEH ¢ IICOpUa30M OJIsIney-
HbI€E BJIEMEHTHI UMEJIH CaMbl€e JITTUHHBIE, TOHKHE, POB-
Hble (HE Cy’KaloIIuecsi K KOHIy) aKaHTOTHUYECKHE
TSDKH ¢ MAKCUMAJIbHBIM KOJIMYECTBOM KAIIWUISIPOB B
COCOYKOBOM CJI0€. A caMble PeJIKre, KOPOTKHUE, PO~
KHe Y OCHOBAHUs U CYKAIOIIKNECA K KOHILY TSDKU — Y
B3powbixX ¢ AJ]. XapaKTepUCTHKH 3JIEMEHTOB Y B3pOC-
JIBIX C TICOPUA30M H JieTeli ¢ Al 3aHUMAOT ITPOMEIKY-
TOYHOE IT0JIO’KEHHE B 9TOM PSAY.

ITpu cpaBHEHUN MOPHOMETPUUECKUX TTOKA3aTe-
Jet aneMeHTOB Koxku sieteit ¢ HKK nepmaro3sa c aire-
MEHTaMH OCTQJIbHBIX TPYII YCTAHOBJIEHO, YTO

difference between the morphometric characteristics
of the plaques in children and adults was the length
of the acanthotic epidermal rete ridges, which were
12% longer in children than in adults, and this is the
maximum value in all the groups. In the AD group, a
significant difference between the lesions in children
and adults was revealed by two indicators: number
of acanthotic epidermal rete ridges and their thick-
ness at the base. In adults, the number of acanthotic
epidermal rete ridges was 9% less than in children,
and this is the minimum indicator in all groups; and
the thickness of epidermal rete ridges at the base was
25% more than in children, and this was the maxi-
mum indicator among all the groups compared. The
number of capillary loops in the skin in psoriasis
groups was maximal and did not differ statistically
between children and adults. With AD, the number
of capillary loops in skin lesions in adults was 46%
higher than in children.

Thus, when comparing inflammatory skin lesions
in children and adults in the psoriasis group, there
occurs one minor difference in the length of acan-
thotic epidermal rete ridges, while in the AD group,
structural changes differ in three indicators, and are
more significant. In general, when comparing the
typical lesions of psoriasis and AD in all age groups,
in children with psoriasis, the plaques had the lon-
gest, thinnest, smoothest (not tapering to the end)
acanthotic epidermal rete ridges with the maximum
number of capillaries in the papillary dermis. And
the rarest, shortest, broadest at the base and taper-
ing towards the end of the ridges were found in adults
with AD. The characteristics of the lesions in adults
with psoriasis and children with AD occupy an inter-
mediate position in this series.

When comparing the morphometric parameters
of skin lesions in children with UCP of dermatosis
with lesions of other groups, it was found that a
higher number of common morphological signs is in
psoriasis. Specifically, of the 6 morphometric charac-
teristics 4 have similar values: the number of acan-
thotic epidermal rete ridges, their length, thickness
at the base and the thickness of the suprapapillary
epidermis. The same number of common signs
(four), but in a different composition, were found in
the skin lesions in children with psoriasis and UCP of
dermatosis: the number of acanthotic epidermal rete
ridges, thickness at the base, thickness of the supra-
papillary epidermis and the number of capillaries in
the papillary dermis. There were three common fea-
tures with the indicators of the lesions in AD in chil-
dren. The maximal differences were found between
the lesions in the UCP group of dermatosis and the
lesions in AD in adults: the only common parameter
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001X MOpQOJIOTHYECKUX IPU3HAKOB OOJIBIIIE TTPHU
ncopuase. Tak, u3 6 mopomMeTpruyecKUx XapakTe-
PUCTHK 4 WUMEIOT CXOAHble 3HAUEHHUA: KOJIUYECTBO
AKAHTOTHYECKUX TsDKeH, WX JINHA, TOJIIUHA Y
OCHOBAHW U TOJIIIFHA HAJICOCOUKOBOTO cJ10s1. Takoe
JKe KOJIMYECTBO OOIIUX NMPU3HAKOB (YETHIpE), HO B
WHOM COCTaBe, BBIABJIEHO B 3JIEMEHTaX y eTel npu
ncopuaze u HKK nmepmarosa: KOJIM4YeCTBO aKaHTO-
TUYECKUX TsKEeW, TOJIIUHA Y OCHOBAHUSA, TOJIIUHA
HAa/ICOCOYKOBOTO CJIOSI U KOJIMYECTBO KAIMJLJIIPOB B
COCOUYKOBOM cJ10e. Tpu 061ux Mpu3HaKa UMeITces ¢
IoKasaresissMu sjeMeHTOB npu AJl y gereil. Hau-
OostpIIve paziInuns HAOJIONAINCH MEXKY DJIEMEH-
tamu rpynnsl HKK nepmarosa u sjnemeHTamMu pu
AJl y B3pOCJIBIX: TOJIBKO OAWH OOIIUI MPU3HAK —
TOJIIMHA AaKAHTOTUYECKUX TAKeU y KOHIIA.

Taxkum 00pa3oM, BOCTIAIUTEIbHBIE 3JIEMEHTHI KOXKH
nereti ¢ HKK iepmatosa Mopdo10rinyecKy Xapakrepu-
3YIOTCS CXOJHBIMU C IICOPHA30M KOJIMYECTBOM aKaHTO-
TUYECKUX TSDKEH, WX JUTMHOM, IIIMPUHOW Y OCHOBAHUA,
TOHKOCTBIO HAJICOCOUKOBOTO CJIOSI SIHJIEpPMUCA, 0O0JIh-
UM KOJIMYECTBOM KaIWUIAPOB B COCOYKOBOM CJIOE
ZIEpMBI, B TO BpeMs Kak (OopMa aKAaHTOTUIECKUX TSKEH,
CY?KUBAIOIIIXCS K KOHITY, 00111as1 ¢ ayteMeHTamu ipu A/,

Ha ocHOBe 1aHHBIX, IOJIy4YeHHBIX B X0/1e MOpdO-
MEeTPUU U IPE/CTABJIEHHBIX B Ta0JI. 1, IIOCTPOEHBI
rpaduyeckre Npo@UIN IJIOCKOTO SIUTENHNA HOP-
MaJIbHON KOKU U BOCIIIUTEJIBHBIX 3JIEMEHTOB BCEX
cpaBHUBaeMBbIX rpymil (puc. 1). [paduueckas moiessb
MOKa3bIBAET HATJIAHOE PA3JINUYHE apXUTEKTOHUKHU
SIIHU/IEPMUCA y B3POCJIBIX U JleTell B rpyIIiax ICcopu-
aza u A/l B popMe U KOJIMUECTBE aKAHTOTHUYECKUX
TSKEH, UX JJTUHE, TOJIIIUHE HaJICOCOYKOBOTO CJI0S U
KOJINYECTBE KaIlWJUIIPOB B COCOYKOBOM CJIOE JIEPMBI.
B To e BpeMA apXUTEeKTYPHBIH PODIIb CTPYKTYP-
HBIX 2JIEMEHTOB KOkU rpynisl Aetelt ¢ HKK nepma-
TO3a, MPOSABJASA HPU3HAKU OOEUX TPYII, JIEMOH-
CTpUpYeT IPOMEKYTOUHOE ITOJI0KEHNE C AaKAHTOTH-
YeCKUMHU TsKaMU TaKOH ke popMbl, Kak ipu A/l, HO
JUTMHHBIMH U YaCTHIMU KaK IIPU IICOPHA3e.

[Tpu olleHKe KJIETOUHOT'O COCTaBa BOCIIAJIUTEIIb-
HOT'O MH(PUIIBTPATA, TAK K€ KaK U IIPU OI[€HKE CTPYK-
TYPHBIX U3MEeHEHUU, IOJIyIEeHO 3HAUNMOE CTAaTHCTHU-
YecKoe pasjinuue Mo BceM IapaMeTpaM MeKy HOp-
MaJIPHOU KOJKEeH U JIEeMEeHTaMu BcexX rpymi. B 6uo-
ITaTax HOPMAaJIbHOH KOXH 00IIas KJIETOYHOCTh
WHOUIBTPATOB caMas Hu3Kas (tabii. 2), mpeacras-
JieHa Makpodaramu, cocraBisomumu 6oee 80 %
MOIYJIAIINYU KJIETOK B COCOYKOBOM H CETUYATOM CJIOE,
¢ HAJIMYUeM eIUHUYHBIX IIJIa3MOIUTOB, HEUTpodu-
JIOB Y1 503UHO(UIIOB — 10 0,5—0,7 % COOTBETCTBEHHO
(Tabus. 3). Camast BbICOKAs IJIOTHOCTb MHQUIBTPA-
TOB KOKU MMeEET MECTO IIPU [Icopuase, KakK y JieTel,
TaK U y B3POCJIbIX, U 60JIee BRIPAJKEHA y B3POCIIBIX —

is the thickness of acanthotic epidermal rete ridges at
the end.

Thus, skin lesions in children with UCP of der-
matosis are morphologically characterized by signs
that are similar to psoriasis namely: number of
acanthotic epidermal rete ridges, their length, width
at the base, thinness of the suprapapillary epider-
mis, increased number of capillaries in the papillary
dermis, while the shape of acanthotic epidermal
rete ridges, tapering towards the end is common —
with the lesions in AD.

Based on the morphometry data (Table 1), the
patterns of the squamous epithelium of normal skin
and inflammatory lesions of all the compared groups
were presented graphically (Fig. 1). The graphic
model shows a clear difference between the epider-
mal architectonics in adults and children from
groups of psoriasis and AD by the shape and number
of acanthotic epidermal rete ridges, their length,
thickness of suprapapillary epidermis and the num-
ber of capillaries in the papillary dermis. At the same
time, the architectonics of the skin lesions in chil-
dren with UCP of dermatosis, showing signs of both
groups, demonstrates an intermediate position with
acanthotic epidermal rete ridges of the same shape
as in AD, but long and at a shorter distance as in pso-
riasis.

When assessing the cellular composition of the
inflammatory infiltrate, as well as when assessing
structural changes, significant statistical differences
in all indicators between normal skin and skin
lesions for all groups were revealed. In normal skin
biopsies, the total infiltrate cellularity is the lowest
(Table 2), represented by macrophages, which make
up more than 80% of the cell population in the pap-
illary and reticular dermis, the presence of single
plasmocytes, neutrophils and eosinophils — 0,5—
0,7%, respectively (Table 3). The highest density of
skin infiltrates is recorded in psoriasis, both in chil-
dren and adults, and is more pronounced in adults —
73,2 and 97,8 cells in the field of view, respectively.
When comparing pairs of children/adults with a
typical picture of psoriasis and AD, infiltrate cellu-
larity of the dermis is higher in adults by 25 and
40%, respectively. The main cellular substrate of
the dermal inflammatory infiltrate in all groups
included macrophages and lymphocytes (Table 3),
representing on average 98—99% of the cell popula-
tion in both layers, with the relative number of lym-
phocytes higher in the reticular dermis, and macro-
phages higher in the papillary dermis of skin lesions
from all groups. However, the distribution by cel-
lular composition differs between adults and chil-
dren: in children, the proportion of lymphocytes in
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Ta6smmua 1. Pe3ynbraTsbl MOPPOMETPUUECKOTO UCC/IEL0BAHUSA MHOIOCJIOHHOIO MJIOCKOTO 3IUTE/INSA GUONTATOB 3J1EMEHTOB
KOXKH B3POCJIBIX U ieTel ¢ ncopuasom u A/l u geteit c HKK nepmaTtoza, M (SD)

Table 1. Results of a morphometric study of the multilayered squamous epithelium of skin lesion biopsies from adults and
children with psoriasis and AD and from children with UCP of dermatosis, M (SD)

Hopma Jletu ¢ HKK IIcopuas, IIcopuas,
. AeTH B3pociable A/l, AeTH A1, B3pocibie

IlapameTp Healthy Children . . .

. . Psoriasis, Psoriasis, AD, children AD, adults
Parameter skin with UCP hild dul . .

(n=10) (n = 10) children adults (n=10) (n=17)
(n=7) (n=10)
Inudepmuc / Epidermis
Ko/im4ecTBO akaHTOTUYECKUX 5,0 (0,36) 7,4 (0,19) 7,5 (0,15) 7,8 (0,153) 7,1 (0,23)* 6,5(0,24)"2
kel (Nv)
Number of acanthotic epidermal
rete ridges (Nv)
JlIMHa aKaHTOTHUYECKHUX TSKeN 2,6 (0,16) 7,1(0,23) 8,7 (0,22)>3 7,7 (0,26)> 5,0 (0,22)? 5,4 (0,23)%
(MKM)
Length of acanthotic epidermal
rete ridges (W)
Tonmmuna akantotTuyeckoro Tsbka 0,6 (0,06) 1,6 (0,08) 1,5 (0,07) 1,5 (0,07) 1,6 (0,09)! 2 (0,1)%2
y OCHOBaHHUSA (MKM)
Thickness of acanthotic epidermal
rete ridges at the base (1)
Tosimuyua akanToTU4deckoro Tsbka 0,6 (0,06) 1,1 (0,05) 1,3(0,07)> 1,4(0,05)> 1,1(0,07) 1,1(0,07)
y KOHI[A (MKM)
Thickness of acanthotic epidermal
rete ridges at the end (microns)
Tommuna HagcocoukoBoro cioss 0,8 (0,05) 1,5 (0,09) 1,5(0,11) 1,6 (0,08) 1,9 (0,11)? 1,9 (0,07)?
(MxM)
Thickness of the suprapapillary
epidermis (W)
Cocyoul / Vessels

KosimuecTBO KanujisipoB 3,1(0,33) 6,9 (0,41) 7,6 (0,59) 7,9 (0,53)* 3,2(0,26)** 4,7 (0,37)"*

COCOYKOBOTO cJ1041 iepMbl (NV)
Number of capillaries of the
papillary dermis (Nv)

IpumMeyaHU4:

A/l - aronnyeckuit fepmatut; HKK - HeonpeiesieHHas KJIMHUYeCcKast KapTHUHA.

! Pa3/in4us CTaTUCTUYECKH 3HAYUMBbI ITPY CPAaBHEHHUH MEX/y IPyIIaMH aTONMUYeCKOro JepMaTHTa B3poC/bIX U AeTel (p < 0,05).
2Pa3/in4usi CTATUCTUYECKH 3HAYUMbI IIPYU CPABHEHUU MEX/Y UCCJIelyeMOU IPyInoit U ocTaibHbIMU rpynnamu (p < 0,05).
3 Pa3in4Ms cTaTUCTHUYECKH 3HAYMMBI IPU CPaBHEHUH MeX/Ly IPYIaMy ICoprasa B3pocsbIx U AeTel (p < 0,05).

Notes:

AD - atopic dermatitis; UCP - undetermined clinical picture.

! Differences are statistically significant when comparing the groups of AD in adults and children (p < 0,05).
2Differences are statistically significant when compared between the study group and the rest groups (p < 0,05).
3 Differences are statistically significant when compared between adult and children psoriasis groups (p < 0,05).

73,2 ¥ 97,8 KJIETOK B I10JI€ 3PEHUS COOTBETCTBEHHO.
ITpu cpaBHEHUU Map JIeTH/B3POCIIbIe TPU TUITHMYHOM
KapTHHe rcopuasa u AJl KJeTouHOCTb HH(PUIbTPaTa
JIEpMbI BBIIIIE Y B3POCJBIX HA 25 U 40 % COOTBET-
cTBeHHO. OCHOBHOM KJIETOUHBIHM CyGCTPAT BOCIATIU-
TEJIbHOTO WH(UIbTpPATa JIEPMbI BO BCEX TPyIMax
MpEJICTAaB/UIN  Makpodaru u JUM@OIUTH  (CM.
TabJ1. 3), COCTABJIAIOIINE B cpefHeM 98—99 % Kiie-
TOYHOH TOIYJISIIINU B 000UX CJIOSAX, IIPH 3TOM OTHO-
CUTEJIPHOE KOJIMYECTBO JIMMQOIIUTOB BHIIIIE B CETYA-
TOM CJIO€, a MaKpodaroB — B COCOUKOBOM CJIO€E dJIe-
MEHTOB Bcex rpyr. OJTHaKO pacIpe/iesieHue Mo Kie-
TOYHOMY COCTaBY Y B3POCJIbIX U JIETEW OTJIMIAETCS: Y
JleTelt 7107151 IUMQOITUTOB B COCOYKOBOM U CETYATOM
CJI0€ BBIIE, YEM y B3POCJIBIX, B CPeTHEM Ha 10 %:

the papillary and reticular dermis is higher than in
adults by an average of 10%: 32,0 and 40,5% in pso-
riasis and 15,0 and 28,6% in AD. The number of
plasma cells in infiltrates in all groups with a typical
clinical picture of psoriasis and AD, as well as in
normal skin, is low. The number of neutrophils is
maximal in plaque lesions in psoriasis, no statisti-
cally significant differences between the groups of
children and adults were registered. There are more
eosinophils in both layers of lesions in AD.

For example, comparing the skin lesions of adults
and children with psoriasis and AD, it was found that
in children, the skin lesions are less cellular and have
a high count of lymphocytes. The count of granulo-
cytes in the skin lesions in children and adults does
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Puc. 1. [Tpoduiib mrockoro snuresus (a) B 3/ieMeHTax KOKY ¢ aKaHTOTUYECKUMHU TsKaMu (b) ¥ KauLIsipaMy COCOUKO-
BOTO ¢JIOsI ZIEPMBI (C): 1 — HOpMaJibHasI KOKa; 2 — aTOMMMYECKUH JIEPMAaTHUT, B3POCJIbIE; 3 — aTOMMUECKUH IEPMAaTUT, I€TH;
4 — JIETH C HeOTpeieJIeHHOH KITMHUYECKOH KapTHHOM IepMaTo3a; 5 — ICOpHas, B3POCble; 6 — Copuas, eTu
Fig. 1. Patterns of the squamous epithelium (a) in skin lesions with acanthotic epidermal rete ridges (b) and capillaries
of the papillary dermis (c): 1 — normal skin; 2 — atopic dermatitis, adults; 3 — atopic dermatitis, children; 4 — children
with an undetermined clinical picture of dermatosis; 5 — psoriasis, adults; 6 — psoriasis, children

32,0 1 40,5 % 1ipu 1icopuase u 15,0 u 28,6 % npu A/l.
KosnuecTBO M1a3MOIIUTOB B MH(PUIIBTPATAX BO BCEX
TpyIIax ¢ TUIIUYHON KJIMHUYECKOU KapTUHOU I1Cco-
puasa u AJl, Tak ke Kak U B HOpMe, HeBeJIuKo. Kou-
YeCTBO HEUTPODUIOB MAaKCUMAIbHO B OJIAIIEUHBIX
3JIeMeHTax IIpU IIcopHase, CTATUCTUYECKU Ppa3Jiu-
YU{ MeXTy TPYIIaMH JIETed U B3POCJIbIX HE BBISB-
JieHO. D03UHOQUIOB 00JbIIEe B 000UX CI0AX 3Jie-
MeHTOB pu A/l.

not differ significantly, although neutrophils pre-
dominate in psoriasis, and eosinophils — in AD.

The skin lesions of the studied group of children
with UCP of dermatosis have intermediate values of
inflammatory infiltrate cellularity between the groups
of psoriasis and AD. Morphometric analysis of the
inflammatory infiltrate cellularity in the group studied
showed the highest absolute and relative values of the
lymphocyte counts among all the groups compared in

Ta6una 2. Pe3ysbTaThl MOPPOMETPUUECKOT0 HCCIe0BAaHNS YUCIEHHON IVIOTHOCTH KJIeToK (NV) BocnasnTeIbHOTO
HHQUIbTPATa GUOINTATOB 3JIEMEHTOB KOXHU B3POC/bIX U AeTel ¢ ncopuaszom u A/l u peteit ¢ HKK gepmartosa, M (SD)
Table 2. Results of a morphometric study of the numerical density of cells (Nv) of the inflammatory infiltrate in skin lesion
biopsies from adults and children with psoriasis and AD and children with UCP of dermatosis, M (SD)

IIcopuas, IIcopuas,
. Hopma ,Z[e'_m © £ JAeTH B3pOCJible All, netn A/l, B3poc/ibie

Ciion . Children . . L. .

Laver Healthy skin with UCP Psoriasis, Psoriasis, AD, children AD, adults

4 (n=10) (n=10) children adults (n=10) (n=7)
B (n=17) (n=10)

CocoukoBsii / Papillary 13,5 (0,86) 24,6 (2,03) 32,8(2,74) 41,2 (2,75) 16,6 (1,34) 30,2 (2,05)
Certyarslii / Reticular 21,4 (1) 32,4 (2,15) 40,4 (3,34) 56,6 (3,45) 24,1 (1,54) 37,2 (2,6)
Bcezo... / Total ... 34,9 (1,86) 57 (4,18) 73,2 (6,08) 97,8 (6,2) 40,7 (2,88) 67,4 (4,65)

pumMedaHHHEe.
ot

A/l - aronnyeckunt fepmatut; HKK - HeonpejesieHHas KJIMHUYecKas KapTHHA.
e : AD - atopic dermatitis; UCP - undetermined clinical picture.
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Ta6smmua 3. Pe3ynbraThl MOPPOMETPUUECKOTO UCC/IEL0BAHUSA KJIETOUHOTO COCTaBa BOCNAJUTENBHOT0 HHOUIbTPATa
OGUONTATOB 3JIEMEHTOB KOXH B3POCJBIX U ZieTel ¢ mcoprasom u A/l u feteit c HKK nepmaro3sa, % (M (SD))
Table 3. Results of a morphometric study of the inflammatory infiltrate cellularity in skin lesion biopsies from adults
and children with psoriasis and AD and children with UCP of dermatosis, % (M (SD))

Knerkun Hopma ,[[e:m Ll l'lcop_na_s » A€TH IIcopuas, B3pocasie All, aeTu A/Jl, B3pocibie
Healthy Children Psoriasis, .. .
UHpUIbTPaTa skin with UCP children Psoriasis, adults AD, children AD, adults
Infiltrate cells _ _ _ (n=10) (n=10) (n=7)
(n=10) (n=10) (n=7)
JlumMmpouuThI:
cOCo4yKoBBIM csiolt 9,6 (1,03) 44,3 (3,37) 32,0(3,07)*2 22,8(2,62)%2 15,0 (0,42)*% 9,6 (0,96)*3
papillary layer
ceTyaThld CI0M 14,9 (0,14) 54,6 (3,42) 40,5(3,46)"* 29,1 (2,19)'2 28,6 (2,07)>* 15,1(1,12)*3
reticular layer
[11a3MOLMTHI:
cocoukoBblii ciioit 0,7 (0,29)  0,3(0,12) 0(0) 0,16 (0,09) 0,24 (0,12)3 0,03 (0,03)23
papillary layer
ceT4yaTbId CJIOH 0,5(0,01) 0(0) 0,5(0,29)* 0,07 (0,03)* 0,08 (0,08) 0,3 (1,15)

reticular layer

Makpodaru:

COCOYKOBBIH CJI0H
papillary layer

88,1 (4,5) 544 (43)

ceT4yaThli CJI0U
reticular layer

83,6 (4,15) 44,1 (2,8)

63,4 (4,23) "2

56,6 (3,93) 12

72,0 (2,76) "2 83,1 (542)** 86,8 (5,03)%?

67,5 (3,3) 12 69,2 (3,69)>% 81,9 (4,08)23

HeliTpodubr:
COCOYKOBBIH €101
papillary layer
ceTyaThli c0U
reticular layer

0,7 (0,22) 0,7 (0,24)

0,5(0,19) 0,6 (0,21)

3,9 (0,8)"?

2,2 (0,5)

4,9 (1,0)"2 1,2 (0,4) 1,3 (0,5)

2,8 (0,4)? 0,8 (0,4)? 1,1 (0,3)

J03UHODUIIBL:

COCOYKOBBIH €101
papillary layer

0,7(0,22) 0,2 (0,12)

ceTyaThIN CJIOH
reticular layer

0,5(0,19) 0,3 (0,19)

0,3(0,2)

0,05 (0,05)

0,2 (0,08) 0,6 (0,05)**  1,3(0,3)%?

0,1(0,1) 1,2 (0,2)? 1,3 (0,3)?

[IpumMedyaHU4q:

A/l - atronnyeckuit fepmatut; HKK - HeonpeiesieHHas KJIMHUYecKas KapTHHA.

! Pazinuust CTATUCTUYECKU 3HAYUMbI IPU CPABHEHUHU MeX/Iy TPyIIaMu Icoprasa B3pocbIx U aetel (p < 0,05).
2 Pa3/in4Ms CTaTUCTHUYECKH 3HAYMMBI IPU CPaBHEHUH MeX/Ly IT0Ka3aTeIsIMH UCCIelyeMOH IPYIbl U OCTaIbHBIMU rpynnamu (p < 0,05).
? Pa3/in4Msl CTaTUCTUYECKH 3HAYMMBI IPH CPAaBHEHUU MeX/1y IPyNIaMy aTONUYeCKOro JepMaTHUTa B3pOCbIx U AeTel (p < 0,05).

Notes:

AD - atopic dermatitis; UCP - undetermined clinical picture.

! The differences are statistically significant when compared between adult and child psoriasis groups (p < 0,05).
2 Differences are statistically significant when compared between the indicators of the studied group and the rest groups (p < 0,05).
? Differences are statistically significant when compared between the groups of AD in adults and children (p < 0,05).

Takum 00pa3oM, CpaBHUBAs 3JIEMEHTHI KOXKHU
B3POCJIBIX U JleTel mpu ncopuase u AJl, BBIABUIIH,
YTO y JieTeldl BJIeMEeHTHl MeHee KJIETOYHble U C
60p1IMM cozieprranueM JuMoruToB. KommuecTBo
IPaHYJIONNTOB B 3JIEMEHTAaX y JleTell U B3POCJIbIX He
HMeeT 3HAYMMBbIX OTJIMYHH, IPU TOM, UTO IIPH IICO-
puaze nmpeobiiaiaroT HeUTpodukl, a mpu A/l — 503u-
HOWIBL.

diieMeHTHI uccaenyeMmoll rpynmnsl fgeteii ¢ HKK
JlepMaro3a HUMET IPOMEKYTOUHble 3HadYeHUs
KJIETOYHOCTH BOCHAJIUTENbHBIX HHOUIBTPATOB
Mex/ly rpynnamu rncopuasa u AJl. Mopdomerpu-
YeCKUH aHa/JN3 KJIETOYHOTO COCTaBa BOCIIAJIH-
TEJIBHOTO WHQUIbTPATa HUCCIEAYEMON TIPYIIIIBI
[I0Ka3ajJ MaKCHMaJIbHble aOCOJIOTHBIE U OTHOCH-

both layers of the dermis, especially in the reticular
layer, where they made up more than half of all the
cells. The count of neutrophils in both dermal layers of
this group is lower than in psoriasis, and is compara-
ble to AD, and the count of eosinophils is lower than in
AD, and is comparable to psoriasis.

In general, the inflammatory infiltrate cellularity
in the skin lesions in children with UCP of dermato-
sis is characterized by intermediate cellularity with
the maximal lymphocyte count in the infiltrate
among all the groups compared and, accordingly, the
minimal macrophage count. The granulocyte count
was the lowest among the compared groups, without
a significant predominance of neutrophils or eosi-
nophils.
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TeJIbHbIE 3HAYEHHUs KOJIMYECTBA JUMGOIUTOB
cpeay BCEX CPAaBHUBAEMBIX I'DYIII B 000UX CIIOAX
ZlepMbI, 0OCOOEHHO B CETYATOM, T/le OHU COCTaB-
10T 60JIee TTOJIOBUHBI BCeX KyIeTOK. KonuecTBo
HEUTPODUIIOB B 000UX CIIOAX IEPMBI 3TOU TPYIIITI
HUKe, YeM IpHu Icopuase, u cpaBHuMO ¢ AJl, a
KOJIMYECTBO 303UHOGUIOB HUXKe, yeM npu A/l, u
CPaBHUMO C IICOPHUA30M.

B 11€J10M KJIETOUHBIM COCTaB BOCHAJIUTETHHOTO
nHmMIbTpaTa B 3yieMeHTax Koxu siereri ¢ HKK nep-
MaTo3a XapaKTepU3yeTcsl IPOMEKYTOUHOU KJIETOU-
HOCTHIO ¢ MAKCHMAaJIbHBIM KOJIMUECTBOM JIUMQOITH-
TOB B HWHQWIbTpPaTe CpeAu BCeX CPaBHUBAEMBIX
IpyII U, COOTBETCTBEHHO, MUHUMAJIbHBIM KOJIUYe-
ctBoM MakpodaroB. KosmyecTBo TpaHyJIOIUTOB
OBLIO HAMMEHBIIUM CpPeAV CPaBHUBAEMBIX TPYIII,
0e3 3HAYUMOro mpeobsIalaHus HEUTPODUIIOB WIIH
503UHOGUIIOB.

OBCYXKJIEHUNE

Knunanueckne $GoOpMBbI IPOSBIIEHUS [ICOpHa3a U
AJl B 3aBHCUMOCTH OT pachl, 3STHUUECKON NpUHA/-
JIEXKHOCTH M BO3PACTa MAI[MEHTOB OIKCAHBI JIepMa-
TOJIOTAMH JIOBOJIBHO TOApPOOHO [3, 20—22], B TO
BpeMs KaK onuca"us MopgoIornieckol KapTHHBI B
OGuonTarax KOXKU 3JIEMEHTOB B 3aBUCUMOCTH OT 3THX
[IPU3HAKOB HAMHU He HauzieHbl. OT/IeIbHbIe 3aKOHO-
MEpPHOCTH B MOP(OJIOTHYECKUX IPOABJIEHUAX B
JINTepaType TMPOCIIEKUBAIOTCS JIUIIb U1 PA3JINY-
HbIX (GOpPM 3a00JIEBaHUSA U CTAAUN PAa3BUTHUS 3Jle-
MeHTa [16, 17]. IlosToMy OCHOBHOE BHUMAaHUE B
HaIlleM WCCJIEZIOBAaHUU OBLIO Y/IeJIEeHO CPaBHEHHIO
5JIEMEHTOB KOXKU IIPU TUIIUYHBIX (popMax rcopuasa
u A/l B pa3HBIX BO3PACTHBIX TPYIIIAX, C MOCIIEYIO-
UM CpPaBHEHHEM IIOJIyYeHHBIX JAHHBIX C U3MeHe-
HUAMU, BbIABJIIEHHBIMHU B aieMenTax npu HKK nep-
Marosa.

Hamre wccnemoBanune mokasaso, UTO CTPYKTYpP-
Hble U3MEHEHUs SIHJIEPMUCA U BOCHAJIUTEIHHOTO
HHQWIbTPATa B 3JIeMeHTax y JieTell U B3POCJIBIX B
mpeziesiax OfHON HO30JIOTUU HMEIOT JIOCTOBEPHBIE
CTATHCTUYECKHE OTJINYHSA B apXUTEKType 3JIeMeHTa
U COTIPOBO’K/IAIOIIEM €0 BOCIIINTEIHHOM UHUIIB-
TpaTe, IPU 3TOM COXPaHseTCs OOIMUI IJIAH CTpOe-
HUS 3JIEMEHTa, XapaKTEPHBIHN IS TAHHOTO 3a60J1e-
BaHMsA. IIpu cpaBHEHUU GMOINTATOB KOXKU IaIlHeH-
ToB ¢ HKK nepmarosa u TUIHYHBIX (OPM YCTAaHOB-
JIEHO, UYTO CTPYKTYPHBIE IIPeoOpa30oBaHUs SIULIED-
MHca 10 BBIOpAHHBIM KpUTepusM ObLIu Hambosee
GJINBKY K ICOPUATUYECKHUM — I10 4 OOIIUX TpU3HAKA
B OJIAIIEYHBIX BJIEMEHTAX KaK B3POCJIOTro, TAK U JIET-
CKOTO IICOpHasa, a Takke UMesu uepThl AJl nereit —
3 00IUX MPU3HAKA, TAKUM 00pa30M IpUOIIIKASICH
10 CTPOEHMUIO BCE 2Ke K IPYIIIaM JIETCKOTO BO3pacTa.

DISCUSSION

The clinical manifestations of psoriasis and AD
depending on the race, ethnicity and age of the
patients were described in detail by dermatologists
[3, 20—22], while the descriptions of the morpholog-
ical pattern in skin lesion biopsies depending on
these signs were not found. Individual patterns of
morphological manifestations can only be traced in
the literature for various forms of the disease and the
stage of development of lesions [16, 17]. Therefore,
the main focus of our study was on the comparison of
skin lesions in typical forms of psoriasis and AD in
different age groups, followed by a comparison of the
data obtained with the changes in the skin lesions in
UCP of dermatosis.

Our study showed that structural changes in the
epidermis and inflammatory infiltrate of lesions in
children and adults, classified under the same noso-
logy, have significant statistical differences in the
architecture of the lesion and the accompanying
inflammatory infiltrate, while maintaining the gen-
eral structure of the lesion characteristic of this dis-
ease. When comparing skin biopsies of patients with
UCP of dermatosis and typical forms, it was found
that the structural transformations of the epidermis
according to the selected criteria were closest to pso-
riatic morphologic changes — by 4 common signs in
plaques of both adult and pediatric psoriasis, and
also had features of pediatric AD — 3 common signs,
therefore, finally approaching in the structure the
groups of children. Due to its peculiarity, the inflam-
matory infiltrate of the lesions in UCP of dermatosis
differed both in the total cell density in the dermis,
and in the count of main cell subpopulations (lym-
phocytes and macrophages) from all groups, not cor-
responding to any of the comparison groups. The
results obtained are consistent with the results of our
study [14] and the existing theory of a single spec-
trum of inflammatory dermatoses with extremes in
the form of psoriasis and AD, with the presence of an
intermediate transitional point between them — an
undetermined clinical form, or transition from one
condition to another [1, 2, 4, 6, 23, 24].

CONCLUSION

The morphometric study of skin biopsies from
children with UCP of dermatosis showed that the
structural transformations of the epidermis, accord-
ing to the selected classical criteria, occupied an
intermediate position between the groups of psoria-
sis and AD, and had more morphological features in
common with the skin lesions in children. However,
the revealed peculiarity of the inflammatory infil-
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BocriasmrenpHbll MHOWIBTPAT B 2JIeMEHTaX IIpU
HKK nepmarosa oTiindasicsi cBoeoOpa3ueM Kak II0
0011l TJIOTHOCTH KJIETOK B JIEpMe, TaK U M0 KOJIH-
YeCTBY OCHOBHBIX IIyJIOB KJIETOK — JIMM(QOIIUTOB U
MakpodaroB OT BCeX TPYII, HE COOTBETCTBYS HU
OIHOH m3 rpynim cpaBHeHUs. [loyueHHBIE pPE3YIb-
TaThl COIJVIACYIOTCS C pe3yJbTaTaMU HAIIero cob-
CTBEHHOTO WCCJIEJIOBAHUSA [14] ¥ TIOAJIEP:KUBAIOT
CYIIECTBYIOIILYIO TEOPHIO €JIMHOTO CIIEKTPA BOCIIAIH-
TeJIbHBIX JIEpPMATO30B ¢ KpalHUMU TOUKAMU B BUJE
ncopuasa u A/l ¢ HaTMIEM IPOMEeKYTOYHOT'O ITepe-
XOJTHOTO TIOJIOJKEHUS O HeOIpeieJIEeHHON KIIMHUYe-
cKkoll ¢dopMe MeXAy HUMHU JIHOO TPAH3UTOPHOTO
Iepexo/ia OTHOTO COCTOSIHHSA B ApyToe [1, 2, 4, 6,
23, 24].

3AK/IIOYEHUE

B xome MOpdhOMETPUUECKOTO HCCIIETOBAHUS
6uonTaToB Koxku nereit ¢ HKK 3a6osieBaHus ycra-
HOBJIEHO, YTO CTPYKTYPHbIe IPE0OpPa30BAHUS DIIH-
JlepMUca 1O BBIODAHHBIM KJIACCUUYECKUM KpUTe-
pUAM 3aHUMaJH MPOMEXKYTOUHOE IIOJIOKEHHE
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trate of skin lesions in UCP of dermatosis requires
further study. An evaluation of various classes of reg-
ulatory molecules in the cells of inflammatory infil-
trates of skin lesions is the next step in our research.
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MeJKIy TpyImnamu rncopuasa u A/l u umesnn 60sbIme
00mux MOpGOJIOTUYECKUX UYEpPT C BJIeMEeHTaMH
koxku Jnereidl. OfHAKO BBIABJIEHHOE CBOeoOpasue
BOCIHAJINTETFHOTO UHQPWIBTPATA B 3JIEMEHTAX IIPHU
HKK nepmarosa TpebyeT maapHEHIIETO U3YIEeHUS.
OueHKa pas3JIMYHBIX KJIACCOB PETYIATOPHBIX MOJIe-
KyJl B KJIETKaX BOCIAJIUTEIbHBIX WHQGUIBTPATOB
2JIEMEHTOB JIEPMBl — CJIEAYIOIINN IIar HAIIEeTro
HCCIIe/IOBAHMUS.

KoH@uaukT mHTEpECOB. ABTOPHI 3a4BJIAIOT 00
OTCYTCTBUU KOH(JINKTA HHTEPECOB.
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PoJ1b yIBTPa3BYKOBBIX IIOKa3aTe/ied 1 KJIIMHUKO-aHAMHECTHUYECKUX
JAHHBIX IIPH MO3HEH 3aJePKKe POCTA IVI0AA KaK MOTEeHIINATbHBIX
(¢raKTOPOB pPHUCKA rOCHUTAIN3AINN HOBOPOKAeHHBIX B OPUT

E.A. lllep6akoBa, H.I'. Uctromuna, A.H. bapanos, A.M. I'pkuGoBCKuit

@OI'BOY BO «CegepHbilil 20cydapcmeetHblil MeduyuHCKUiL yHugepcumem» Munsdpaea Poccuu, Apxanzensck, Poccus

AHHOTAIIUA

BBenenue. 3agepxka pocra mwioza (3PII) siBisercs oAHUM U3 OOJIBIINX aKyIIEPCKUX CUHIPOMOB, BCJIEJCTBHE
KOTOPOTO OTMeYaeTcsl BBICOKAas YacTOTa CIyuyaeB TOCIUTAIN3AUY HOBOPOXKEHHBIX B OT/leJIeHle peaHUMaluy U UHTeH-
cuBHoti Tepanuu (OPUT). CBoeBpeMeHHOE po/iopa3pellieHre — eJMHCTBEHHBIA METO/T YIyUIIeHUs IEpUHATAIBHBIX HCX0-
ztoB. TeM He MeHee 10 CUX IIOP He BBISABJIEHBI TPEAUKTOPHI, IIO3BOJISIONINE OIIPEAETUTh ONTUMAIbHBIE CPOK U METO/T, POJIO-
paspelieHus ¢ yueToM NHAUBUAYaTU3UPOBAHHOTO IIOJX0A.

Il e 1 5. BBIABUTH CBA3b KIMHUKO-aHAMHECTHYECKHUX JAHHBIX, YJIBTPA3BYKOBBIX ITOKAa3aTeJleld W TOCIUTATU3AIUU B
OPUT 11 HOBOPOXKAEHHBIX IPU 031HEM (peHoTurIre 3PIT.

Martepuan u mertogs . C2018 no 2022 r. B [lepuHaTaJibHOM IIEHTPe APXaHT€JTbCKOH 00JIACTHON KJIMHU-
yecKoi 60bHUIBI (T. ApXaHTEIbCK) ITPOBOAUIIOCH CIIOITHOE KOTOPTHOE HCCIIe/I0OBaHUe. B BBIOOPKY BOIILIH 314 JKEHIIHUH
c moyto3perreM Ha 3PII. YToOBI OLIEHUTH CBSI3b MEK/Ty TOCITUTAIN3AIel HOBOPOsK/IeHHBIX B OPUIT U pa3IMyHbIMU MOKa-
3aTeJISIMH, BKJIIOUast YIbTPa3ByKOBbIE TaHHbIE, KIMHUYECKIe TaHHbIe 1 aHaMHe3, ObLT MPUMeHEH MHOTOMEPHBIN perpec-
cuoHHBIN aHamu3 [lyaccona. Takke ObUIM PACCUUTAHBI HECKOPPEKTHPOBAHHBIE U CKOPPEKTHPOBAHHBIE OTHOCUTEIbHBIE
pucku (OP) ¢ 95% nosepurtenbHbIMu nHTEpBasIamMu (JI1).

Pes3ynbTartbl. B11lcayyasax, YTO COCTABISAET 35,4 % OT 0OIIel YrCIEHHOCTH KOTOPTHI, ObLIT 0OHAPYKEH MTO3THUH
(enoTHI Baziep:KKU pocTa 1m1o/a. M3 Hux B 41 ciy4ae (36,9 %) HOBOPOIK/IEHHBIM BITOCJIEZICTBUY TPeOOBaIach TOCITUTATIH-
3anus B OPUT. B mapcMMOHUYHYIO MO/IEJIb ObLIM BKJIFOUEHBI 4 CTATUCTHYECKU 3HAYNMBIX (pakTopa pucka. OTKIOHEHUs
oKazaTeJsiell MyJIbCAI[MOHHOTO H/IeKca MaTouHoi aprepuu (ITM MA) (OP = 1,28; 95% JTU: 1,04—1,57), BADUKO3HOE pac-
IIMpeHne BeH HIKHUX KoHeuHocted (OP = 1,90; 95% JIU: 1,12—3,26) u Hanuuue GepemeHnHoctu ¢ 3PII B aHamHe3e
(OP =1,67; 95% IU1: 1,03—2,71) ObLIN CBSI3aHBI C TSIKEJIBIM COCTOSTHUEM PeOEHKA IPU POKZeHUU. VI3MeHeHue moKa3aTe-
Jieli TyJIbCallMOHHOTO HH7IeKca apTepun mymoBuHBI (ITM AIT) 6bLI0 CBSI3aHO C MEHBIIIMM PUCKOM TOCIUTATIN3AINH HOBO-
poxaenubix B OPUT (OP = 0,78; 95% IN: 0,61—0,99).

3axkinwueHue . OrrioHeHus nokazaresnei [T MA o JaHHBIM yJIBTPa3ByKOBOTO JIONIIEPOrPpadUUECKOTO UCCIIe-
JTOBaHUS, HATUYHE BADUKO3HO-PACITUPEHHBIX BeH y MaTepu 1 6epeMeHHOCTH ¢ 3PIT B aHaMHe3€e MOTYT UMETh IIPOTHOCTH-
YecKoe 3HAUeHUe /I MPUHATHSA PEIIeHNs O BpeMEHU U METO/Ie POJIOpa3peIeHus JJisl YIydIllleH!s] FCX0/I0B B IIEPUHA-
TasibHOM niepuozie. ismenenue [N ATl 6bLIO CBSA3aHO C MEHBIIIUM PHUCKOM TOCIIUTAJIM3AIUNA HOBOPOXK/IeHHBIX B OPUT.
JI71 co371aHusA BJIUJIHBIX MO/IeJIed IPOTHO3UPOBAHUS NEPUHATAJIBHBIX OCJIOKHEHUH C JIOCTATOYHBIMHU YPOBHAMH UyB-
CTBUTEJILHOCTU U CIEU(PUUHOCTH HEOOXOAUMO MPOBEIEHUE JaTbHEHINNX, 60Jiee KPYITHbIX MHOTOIIEHTPOBBIX HCCIIE/I0-
BaHUU.

Kmouessbte crosa: nonmseporpadus, 3a/iep:Kka pocTa 1o, YIbTPa3ByKOBOE UCCIIe/IoBaHUE, (PaKTOPhI PUCKA, BapH-
KO3HOE paclIupeHre BeH HUKHUX KOHEUHOCTEH.

O6pasenm murtupoBanusna: lllepbakosa E.A., Ucromuna H.T'., Bapanos A.H., I'p:xu6oBckuit A.M. Posb yiib-
TPa3BYKOBBIX IoKasaTejael U KJINHUKO-aHAMHECTUUECKUX JAaHHBIX IIPDHA HOS,Z[Heﬁ 3aZIEpKKe pocCTa IIoZa KaK IIOTEeH-
IUaIbHBIX (GAKTOPOB PHCKA rocrmuTain3anui HoBopoxkzeHHbXx B OPUT // Journal of Siberian Medical Sciences.
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Role of ultrasound parameters and clinical anamnestic data
in late-onset fetal growth restriction as potential risk factors
for neonatal admission to the intensive care unit

E.A. Shcherbakova, N.G. Istomina, A.N. Baranov, A.M. Grjibovski

Northern State Medical University, Arkhangelsk, Russia

ABSTRACT

Introduction. Fetal growth restriction (FGR) is one of the major obstetric syndromes which leads to a high
incidence of neonatal admission to the intensive care unit (ICU). Timely delivery is the only method to improve perinatal
outcomes. However, no predictors have yet been identified to determine the optimal timing and mode of delivery, consider-
ing an individualized approach.

A im . To identify the relationship between clinical and anamnestic data, ultrasound parameters and neonatal ICU
admission with late-onset FGR.

Materials and methods. Acontinuous cohort study was carried out at the Perinatal Center of the
Arkhangelsk Regional Clinical Hospital from 2018 to 2022. The sample included 314 women with suspected FGR. Multi-
variate Poisson regression was used to assess the association between neonatal ICU admission and different variables,
including ultrasound, clinical data, and medical data. Unadjusted and adjusted relative risks (RR) with 95% confidence
intervals (CI) were also calculated.

Results. Inii1cases, which are 35,4% of the total, late-onset FGR was detected. Of these, in 41 cases (36,9%), new-
borns subsequently required ICU admission. Four statistically significant risk factors were included in the parsimonious
model. Abnormalities of the uterine artery pulsatility index (UtA PI) (RR = 1,28; 95% CI: 1,04—1,57), varicose veins of the
lower extremities (RR = 1,90; 95% CI: 1,12—3,26) and recurrent FGR (RR = 1,67; 95% CI: 1,03—2,71) were associated with
poor status of the newborn at birth. Changes in the umbilical artery pulsatility index (UmA PI) were associated with a lower
risk of neonatal ICU admission (RR = 0,78; 95% CI: 0,61—0,99).

Conclusion. Abnormal UtA PI values revealed during Doppler ultrasound examination, varicose vein disease in
the mother, and recurrent FGR may have a predictive value for deciding on the timing and mode of delivery to improve
perinatal outcomes. Abnormal UmA PI values were associated with a lower risk of neonatal ICU admission. It is necessary
to reproduce the results in further larger multicenter studies to create valid models with appropriate levels of sensitivity
and specificity for predicting perinatal complications.

Keywords: Doppler, fetal growth restriction, ultrasound examination, risk factors, varicose veins of the lower extremi-
ties.
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BBEJAEHUE

3azep:xka pocra wioza (3PII) — cocrosiHue, IpU
KOTOPOM TPOUCXOAUT HEAOCTATOYHOE pPa3BUTHE
IUIOZIa BCJIEZICTBUE MUCHYHKIIUU ILIAIEHTHI, YTO B
KOHEYHOM HUTOTE MPUBOJUT K BBHICOKHM IIOKa3are-
JisiM 3a00JIeBa€EMOCTH ¥ CMEPTHOCTH B ITEPUHATAb-
HOM nepuoye [1]. [Ipu 3amep:xke pocTa MPOUCXOAUT
HapyllleHWe KPOBOTOKAa B CHCTEME «MaTh — ILIa-
IIeHTa — IUIO/I», KOTOPOE B aIbHEHIIIEM IPUBOJTUT K
TSI?KEJIOMY COCTOSTHHUIO HOBOPOK/IEHHOTO M HEe00X0-
JUMOCTH TOCIIUTAIM3AIUN B OT/E/IEHHE peaHnMa-
UM U uHTeHcuBHOW Tepamuu (OPUT) [2]. IIpu
no3auer 3PII, kak mpaBwiIo, MpeobsaZaloT MaTe-
PUHCKHE CTPOMAaJIbHO-COCYAMCThIE W3MEHEHUs B

INTRODUCTION

Fetal growth restriction (FGR) is the failure of
fetal growth because of placental dysfunction, which
ultimately leads to high rates of perinatal morbidity
and mortality [1]. In growth restriction, blood flow in
the mother-placenta-fetus system is disrupted,
which further leads to a life-threatening condition of
the newborn and the need for hospitalization in the
intensive care unit (ICU) [2]. In late-onset FGR, the
maternal vascular malperfusion-associated changes
usually predominate, which can lead to unfavorable
outcomes not only in the actual pregnancy but in the
subsequent ones as well [3]. Placental insufficiency
and fetal hypoxia are also observed in cases of vari-
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IUTAIleHTe, KOTOPbIE MOTYT IPUBOJHUTHL K HebJaro-
MPUATHBIM KMCXOZ|aM He TOJBKO IPH JaHHOH Gepe-
MEHHOCTH, HO U IIpH TTocyieaytonux [3]. Takske mia-
[IeHTapHas HEJIOCTAaTOYHOCTh W THUIIOKCUS ILIO/A
HaOJTIOIAIOTCS B CIy4YasiX BAPUKO3HOTO PACIITUPEHHs
BeH HIKHUX KoHeuHocrell (BPBHK) sBciencrBue
CTPYKTYPHBIX IOPAYKEHUH BEHO3HBIX COCYIOB [4].

JlnarHOCTHKA U OIlleHKA COCTOSIHHUsA IUIOAA IIpU
3aJ1eprKKe POCTa OCYIIECTBIISIETCS IIPU ITOMOIIIH YJThb-
Tpa3BykoBoro wuccienoBanus (Y3M) c mpumene-
HHMeM MeToza pgomiieporpaduu. OreHuBaTCs
IOKa3aTeJu IyJIbCAIIHOHHOTO WHJIEKCA apTEepUH
mynoBuHbI (ITN AIT) u cpesHell MO3TOBOU apTepUH
(ITK CMA), a Takske maTouHou aprepuu (IT1 MA) u
nepebpo-mianeHTapuoro otHomenus (I1[I10) [5].
B wuccimenoBanuu R. Peasley et al. (2023) O6buin
OT/IEJIHO BBIJIEJIEHBI ILIOABI TPYIIBI BBICOKOTO
pucka noszgHeil ¢popmer 3PII, BriIoUaomei HaIu-
Ype MpeIIoIaraeMoyd Macchl IUI0Z[a MeHee 3-TO IeH-
T, [T AIl >95-T0 IeHTU IS WIN IpeArioJiarae-
MOM Macchl IIofiIa OT 3-TO JI0 10-TO IEHTHJISA WJIN
OTKJIOHEHUE TI0Ka3aTesel OKPYKHOCTH KUBOTA TN
OTKJIOHEHUS JIOIIIeporapuUecKnX IOKa3aTeJIen.
B saHHO¥ TpyIre 3HAYUTEIBHO dallle OTMedaiach
TUIIOTEPMUS, TUIIOTJIMKEMUS U CIIyYar TOCITUTAIIH-
zaruu B OPUT [6]. UmeHHO 03TOMY BBIOOD CPOKA U
METOZ]a POJI0Pa3PeIIeHUs KpaliHe BasKHBbI JIJIS YIyd-
[IEeHUS TEPUHATATHHBIX UCXO/IOB.

IIEJIb NCCJIEJOBAHU A

BuisIBUTHE  CBsI3h  KJIIMHHUKO-aHAMHECTUYECKHUX
JIAHHBIX, YJIbTPa3BYKOBBIX ITOKA3aTeJIeH M rOCITUTA-
auzanuu B OPUT n1d HOBOPOXKEHHBIX MPU MO3/1-
HeM denorune 3PII.

MATEPUAJIBI 1 METO/bI

Jlusaiin uccaedosamus

B IlepuHaTanbHOM IIeHTpe ApXaHTeJIbCKOHN
00J1aCTHOM KJIMHUYECKOH OonpHULBI (T. ApxaH-
TeJIbCK) C 1 AHBaps 2018 110 31 Aekabps 2022 T. mpo-
BOJWJIOCH KOTOPTHOE HCCJIEIOBAHUE, B KOTOPOM
BCETO IPUHSIN YyJacTHe 314 >KeHIUH, OepeMeH-
HOCTb KOTODPBIX IIPEAINOJIOKUTENBHO MPOTeKasa Ha
¢one mozguero denorumna 3PII [7]. BkiaoueHue B
HCCIIe/IOBAHUE MIPEAyCMATPHUBAJIO CJIEAYIOIINe KPH-
TEPUU: BO3PACT MaTEPH OT 19 JI0 45 JIET, €CTECTBEHHO
HACTYIUBIIAsI OepeMeHHOCTh OJHUM pPeOEeHKOM,
OTCYTCTBHE BPOXKJEHHBIX aHOMAJINH Y IIJI0JIa, IIpe-
HaTayJbHO AuarHoctupoBanHas 3PII u cornacue Ha
yJacTue B MCCIeA0BAaHUU. VICKITIOUaINCh U3 UCCIe-
JIOBAaHUS JKEHIUHBI ¢ MHOTOIUIOAHON OepeMeHHO-
CTHIO, HAJINUKEM Y IIJIO/Ia BPOK/I€HHBIX aHOMAaJIHH,
6epeMeHHOCTBIO, HACTYNHBIIEH C IMOMOIIBIO BCIIO-
MOTATeJIbHBIX PENpPOAYKTUBHBIX TEXHOJIOTHH, a

cose veins of the lower extremities (VVLE) because
of structural lesions of the venous vessels [4].
Diagnosis and assessment of fetal status in growth
restriction is carried out using Doppler ultrasound.
Such parameters as the umbilical artery pulsatility
index (UmA PI) and the middle cerebral artery pul-
satility index (MCA PI), as well as the uterine artery
pulsatility index (UtA PI) and the cerebro-placental
ratio (CPR) are evaluated [5]. In a study by Peasley et
al. (2023), fetuses of the high-risk group of late-onset
FGR were separately identified, including the pres-
ence of estimated fetal weight <3™ centile, UmA PI
>95"™ centile, or estimated fetal weight from 3 to 10™
centile, or with abnormal abdominal circumference,
or abnormal Doppler parameters. Hypothermia,
hypoglycemia, and ICU admission were significantly
more common in this group [6]. That is why the
choice of the timing and mode of delivery is of utmost
importance for improving perinatal outcomes.

AIM OF THE RESEARCH

To identify the relationship between clinical and
anamnestic data, ultrasound parameters and neona-
tal ICU admission in late-onset FGR.

MATERIALS AND METHODS

Study design

From January 1, 2018 to December 31, 2022, a
cohort study involved a total of 314 women with sus-
pected late-onset FGR was carried out at the Perina-
tal Center of the Arkhangelsk Regional Clinical Hos-
pital [7]. Inclusion criteria were the following: mater-
nal age from 19 to 45 years, naturally occurring
singleton pregnancy, no congenital fetal anomalies,
prenatally diagnosed FGR, and consent to partici-
pate in the study. Women with multiple pregnancies,
fetal congenital anomalies, pregnancy caused by
assisted reproductive technologies, as well as those
who refused to participate, were excluded from the
study. Subsequently, the cases were reanalyzed tak-
ing into account the modern Delphi consensus crite-
ria (2016) and the INTERGROWTH-21* standards;
as a result, 111 cases of FGR were included in the
study, and the course of pregnancy was followed-up
until delivery.

The group of cases of neonatal ICU admission
was compared with the group in which neonatal sta-
tus was satisfactory or of medium severity. The com-
parison was based on the value (for continuous vari-
ables) and frequency (categorical variables) of poten-
tial risk factors. Specialists assessed the condition of
newborns using 1-min and 5-min Apgar scores. In
Apgar score from 4 to 10, neonatal status was consid-
ered satisfactory. When Apgar score was <4, resusci-
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TaKKe Te, KTO OTKA3aJici y4acTBOBaTh. B Jaiyb-
HeHumeM caydad ObUTHM TOBTOPHO ITPOAQHATHU3UPO-
BaHBI C YUYETOM COBPEMEHHBIX KPUTEPHUEB KOHCEH-
cyca Delphi (2016) u I1eHTHIBHBIX TabJIHI]
INTERGROWTH-21st; B pe3ysibrare B HcCI€I0BA-
Hue BolLIH 111 ciaydaeB 3PII, TeueHre GepeMeHHO-
cTH OBUIM OTCJIEXKEHO [0 MOMEHTa pojopaspe-
HIEHUS.

I'pymma ciyuaes, Korga noTpeboBaiach TOCIUTA-
JIM3aIs HOBOPOXKIEHHBIX B OTAeJIeHUE pPeaHuMa-
MY ¥ UHTEHCUBHOU TepaIluy, CPAaBHUBAJIACH C TPYII-
IO, B KOTOPOH COCTOSTHHE HOBOPOXKEHHBIX pacIie-
HUBAJIOCh KaK YZOBJIETBOPUTEIHHOE WU CPEeIHEeH
creneHu TspKecTH. CpaBHEHME IIPOUCXOAUIIO II0
BesinunHe ([JIs1 HEIPepHIBHBIX IE€PEMEHHBIX) U
yacToTe (KaTeropuajibHble ITepeMeHHbIe) MOTEeHITH-
IbHBIX (PaKTOPOB pucka. CrenuajaucTaMu IMpoBe-
JleHAa OIIEHKA COCTOSTHUST HOBOPOJK/IEHHBIX TI0 IIIKAJIE
Anrap Ha IepBOM W HATOU MHUHYyTaX KU3HU. Ilpu
JIOCTIDKEHUH OT 4 10 10 6ajijioB COCTOSHHE HOBO-
POKIEHHBIX  CUYUTAJIOCh  YIOBJIETBOPUTEIHHBIM.
B ciayuae, xorma omeHKa MO IIIKajie COCTABJISIIA
MeHee 4 0aJUIOB, IIPOBOAUJINCH PEAHUMAI[OHHBIE
MepOIpHUATHS, W B JajbHelnieM pebGeHOK ObLT
TOCIUTAJIN3UPOBAH B OTAeJeHHE WHTEHCHUBHOM
tepanuu [8]. ITlokazaHuWeM Il TOCHUTATH3ALNU
SIBJISITIOCHh HAJIU4YUE Y HOBOPOXKAEHHOTO C IMO3/THEH
¢opmoii 3PII npu recranuy TAXKeIbIX HAPYIIEHUH
BUTAJIbHBIX (GYHKIUU (Tpebyrornee JIr0O0H abIxa-
TeJIbHON TOAJIePKKH, IPOBe/leHUsl WHQPY3UOHHOMN
Tepanuy U MapeHTePaTbHOTO MUTAHUS U BBEJIEHUS
HMMYHOTJIOOYJIMHA).  AHTEHATaJbHO  THUIIOKCHUS
wiona ObLTa BBISBJIEHA NMPU IOMOIIU WHCTPYMEH-
TaJIBHBIX METOZOB, BKJIIOUAs YIbTPA3BYKOBOE HCCIIE-
JIOBaHUE U KapauoTokorpadumwo [5, 9].

BepeMeHHBIM JKEHITMHAM C IOIO3PEHHEM HAa
3PII 66110 IPOBEEHO MTOTHOE 00CIEIOBAHKE B COOT-
BETCTBUU C KJIMHUYECKUMU PEKOMEeHJIalNAMU
MuHucrepcrBa 3apaBooxpaHeHua PP «Hopmaib-
Hasi OepeMeHHOCTh» (2020) m «HemocTaTouHBIH
poCT 110718, TPeOYIIMUH IPEIOCTABIEHUS MeIH-
IIMHCKOU IIOMOIITY MaTePH (3a71eprKKa pocTa II0/1a)»
(2022). T'ecTanOHHYI0 apTEPHATBHYIO THIIEPTEH-
3u0 (AI') AMAarHOCTHPOBAIH, €CIU TOoCie 20-H
HeZleTu OepeMeHHOCTH CHUCTOJIMYECKOE [IaBJIEHHE
MIPEBBIINIATIO 140 MM PT. CT., 2 AHUACTOJTHYECKOE —
90 MM PT. CT. B XO/ie JIBYX U Oojiee U3MEpEeHUuu ¢
WHTEPBAJIOM He MeHee YeThIpeX dacoB. B ciaydae
Pa3HBIX PE3YJIBTATOB Ha 00X PyKaX OpUEHTUPOBA-
Jamch Ha Oosiee BBICOKHE 3HaueHUs. VHaeKe Macchl
tesa (IMT) paccyuThIBaIu Kak OTHOIIEHUE MaCChl
Tesna (kr) K kBazapary pocta (m). [Ipu manpHemmen
00paboTKe JTAaHHBIX Mbl YIUTHIBATH HEJIOCTATOYHYIO
Maccy Tena (<18,5 kr/m2). IIpu cbope aHaMHe3a 1 Ha

tation was carried out, and later the newborn was
admitted to the ICU [8]. Indications for admission
were severe disorders of vitals in the newborn with
late-onset FGR during gestation (requiring any
respiratory support, infusion therapy, parenteral
nutrition, and administration of immunoglobulin).
Antenatal fetal hypoxia was detected using clinical
investigation, including ultrasound and cardiotocog-
raphy [5, 9].

Pregnant women with suspected FGR underwent
a full examination in accordance with the clinical
recommendations of the Ministry of Health of the
Russian Federation “Normal pregnancy” (2020) and
“Insufficient fetal growth requiring maternal medical
care (fetal growth restriction)” (2022). Gestational
hypertension was diagnosed if, after the 20" week of
gestation, a systolic pressure exceeded 140 mm Hg
and diastolic pressure — 90 mm Hg during two or
more measurements with a minimum four-hour
interval. With different results on both hands, we
considered higher values for diagnosis. Body mass
index (BMI) was calculated as the ratio of body
weight (kg) to the square of height (m). When further
processing the data, we considered underweight
(<18,5 kg/m?). When taking medical history and
based on medical records, we found out whether the
patient smokes and whether FGR had been diag-
nosed in previous pregnancies. VVLE was confirmed
by the presence of nodular or tortuous subcutaneous
veins with a diameter of over 3 mm in an upright
position. We also considered the results of the ultra-
sound examination of veins of lower limbs, confirm-
ing stage C2 and higher. Cervicitis was diagnosed
based on the results of culture from the cervical
canal: the diagnosis was made when at least 105 col-
ony-forming units (CFU) of the same type of micro-
organisms were detected.

Ultrasound examination, which assessed blood
flow parameters using Dopplerography, was per-
formed on an expert class Voluson E8 ultrasound
system (General Electric, USA). Crown-rump length
was used to determine the exact gestational age. The
measurement was carried out at 9*°—13*% weeks of
gestation. If crown-rump length did not correlate to
the menstrual cycle length for over 5 days, the gesta-
tional age was adjusted.

During the ultrasound examination, the fetal
heartbeat, amniotic fluid volume and placenta local-
ization were assessed. Fetometric data obtained dur-
ing ultrasound were analyzed using the Hadlock
sonographic model and the INTERGROWTH-21
standards [10, 11]. To measure the amniotic fluid vol-
ume, the amniotic fluid index (AFI) and the maxi-
mum vertical pocket were evaluated. After that,
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OCHOBE JIaHHBIX MEJUIIMHCKON JIOKyMEeHTaI[uu
BBISICHSJIN, KyPUT JIU MAI[MeHTKAa U ObLIa JIU TUaTHO-
crupoBana 3PII mpu npeapIynux 6epeMeHHOCTSIX.
BPBHK 65110 TOITBEPKAEHO HAIMYKEM Y3JI0BATHIX
WIN U3BUTBHIX ITOJIKOKHBIX BEH JUaMeTpoM Oosee
3 MM IIpU BEPTUKAIHBHOM IOJIOXKEHUU TAIMEHTKHU.
Taxoke Mbl YIUTHIBAJIN PE3YJIbTATHI YIBTPA3BYKOBBIX
HMCC/IEIOBAHUI BeH HHIKHHMX KOHEUYHOCTEH, II0I-
TBepKAAoNUX cTaiuio C2 u BeIe. llepBuiur ompe-
JIeJIAJIN 110 Pe3yJIbTaTaM II0CEBOB U3 IIEPBUKATIBHOTO
KaHaJa: TUarHO3 CTAaBWIN IIPU BHIABIEHUU HE MEHEe
105 kosnouuneobpasywmux eauHun, (KOE) omxoro
TUIIAa MUKPOOPTaHU3MOB.

VYIpTpa3ByKOBOE HCCJIEIOBAHHE, B pAMKAX KOTO-
PpOTo OIIEHUBAJIUCH ITapaMeTPbl KPOBOTOKA C IIOMO-
1IbI0 JIoMNIIeporpaduu, BHIIOJHAIOCH HA allliapaTe
skcreptHOro Kimacca Voluson E8 (General Electric,
CIIA). 1151 TOCTaHOBKH TOYHOTO CPOKA GepeMeHHO-
CTH OBLIT WCIOJIB30BAH KOMYHKO-TEMEHHOH pa3mep
wioga (KTP). ViamepeHre TPOBOAWIN IIPHU CPOKE
9°—13*% mey recranuu. Eciim KTP He cooTBeTcTBO-
BaJI MEHCTPYaJIbHOMY CPOKy 0oJiee 4eM Ha 5 JHEH,
CPOK recTallil KOPPEKTUPOBAJICA.

Bo BpeMsI y/IbTPa3ByKOBOTO HCCJIEIOBAHUS OBLIO
OIIEHEHO CepAIebreHne 101, KOJIMYECTBO OKOJIO-
IJIOTHBIX BOJI U PACIIOJIOKEeHHe IIareHTh. ®eTome-
TpUYECKUE J[aHHbIE, IOJyYEHHBbIE B pe3yJbTaTe
V3U, 6buTH IPOAHATU3UPOBAHBI C ITIOMOIIBI0 GOP-
Myspl  XB/UI0Ka M IEHTWIbHBIX  TaOJIuIf
INTERGROWTH-21st [10, 11]. [I;11 udmepenus 06b-
eMa OKOJIOIUIOJHBIX BOJI BBIINOJIHAJIACH OIleHKa
nHAeKca aMHuorudeckoit xuakoctu (MAXK) u mak-
CHMaJIbHOTO BepTHKaiIbHOrO kKapmaHa (MBK).
ITocne aHaIM3UPOBAIM KPOBOTOK B apTepUU IIyIIO-
BuHbl (AIl). [TokazaTenu WU3MepsIH HA CBOOOIHO
pAacIoJIOKEHHOW TeTse MyNoBUHBI. l3MepeHue
rmapaMeTpoB KPOBOTOKA B CpeZlHEe MO3roBOH apTe-
puun (CMA) 1mpoBOAWJIM TPOKCHMAJIbHEE MeCTa
BBIXOJIa cocy/ia u3 Businsuesa kpyra. KpoBoTok B
MAaTOUYHBIX apTepHUAX HCC/IEIOBAIU IIPU INPOJOJIb-
HOM CKAaHMDOBAaHHUU CTEHKH MAaJIOTO Tasza. 3aTeM,
0OHapy»KUB 00J1aCTh Pa3/iesIeHus1 00IIel MO B3I0III-
HOU aprepuu, YJIbTPA3BYKOBOM JIaTUUK IepeMe-
maii K O0KOBOU CTEHKE MATKH /IO MOJIyYeHUsI U30-
OpakeHus KpoBoTOKa MA. 3aTeM BBIUYNCIAIN CPEJI-
Hee apu@MeTHYeCKOe IIyJIbCAIIMOHHBIX HHJIEKCOB
MPaBOH M JIEBOM MATOYHBIX apTepui. [lyibcanuos-
eIl uHAeKe ([TM) paccuuThIBaIM KaK OTHOIIEHHE
Pa3HUIBI MEXK/Ty MAKCUMAaJIbHOW CHUCTOJTUYECKOU U
KOHEYHOH JIUACTOJTUYECKOU CKOPOCTBHIO K CpeHeH
ckopoctu kposoroka. IIIIO paccmarpuBasioch Kak
otHomenue IIMM CMA k IIM AIl. IlynouHo-
nepebpaipHoe oTHOIeHue ([T110) — nHBepcust yuc-
JIUTENIA U 3HAMEHATeJIsl TOKa3aTesel MpU pacuere

umbilical artery (UmA) blood flow was analyzed on a
loosely positioned loop of the umbilical cord. Param-
eters of middle cerebral artery (MCA) blood flow
were measured proximally to the vessel outlet from
the circle of Willis. Uterine arteries’ blood flow was
examined by longitudinal imaging of the pelvic wall.
Then, having detected the site of the common iliac
artery division, the ultrasound transducer was moved
to the lateral uterine wall as long as visualization of
the UtA blood flow was obtained. Then the arithme-
tic mean of pulsatility indices of the right and left
uterine arteries was calculated. The pulsatility index
(PI) was calculated as the ratio of the difference
between the maximum systolic and final diastolic
velocity to the average blood flow velocity. The CPR
was considered as the ratio of MCA PI to UmA PI.
The umbilical-cerebral ratio (UCR) is the inversion
of the numerator and denominator of the indicators
when calculating the CPR. In assessing the values of
the CPR, the Fetal Medicine Foundation (FMF) ref-
erence [12] and the clinical recommendations “Insuf-
ficient fetal growth requiring maternal medical care
(fetal growth retardation)” 2022 were used [5]. The
UCR analysis was carried out based on the reference
values provided by Acharya et al. [13].

Statistical analysis

Binary variables are represented as absolute num-
bers and percentages, while quantitative ones — as
arithmetic averages (M) and standard deviations
(SD). Differences between the groups in ultrasound
parameters were assessed using the nonparametric
Mann-Whitney test. Pearson’s chi-square test and
Fisher’s exact test were used to evaluate categorical
values, depending on the expected values in each cell.

Multivariate Poisson regression was used to
identify the relationship between potential risk fac-
tors and neonatal ICU admission. It was used to
evaluate unadjusted and adjusted relative risks
(RR) with 95% confidence intervals (CI). Robust
variance in the CI analysis was used to more accu-
rately reflect the variability of the regression coeffi-
cients [14]. Based on the literature data, the follow-
ing potential risk factors were included in the mul-
tidimensional models: age under 25 years, UtA PI,
UmA PI, CPR, oligohydramnios, BMI <18,5 kg/m?,
diagnosed gestational hypertension, VVLE, smok-
ing, cervicitis, delivery of a child with FGR in the
history. The ultrasound parameters were repre-
sented as continuous variables, and the rest — as
binary ones. The value of 0,05 was an indicator of
the level of critical significance. The data obtained
were analyzed using Stata 18 statistical software
(StataCorp LLC, USA) [15].
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[ITIO. Ilpu ouenke 3nauenuut 1II1O wmcmosp3oBa-
JINCh LEeHTWIbHBIE Ta0aumbl PoHAA MeIUIMHBI
wriona (FMF) [12] u kIuHUYecKHe peKOMEeHAaInH
«HemocTaTouHBIM POCT 110714, TPEOYIOMIUH Tpeo-
CTaBJI€HUS  MEQUIMHCKOM  IMOMOIMA  MaTepH
(3amepkka pocra mwioza)» 2022 1. [5]. Ananus IO
IIpOBeJIeH HAa OCHOBaHUU pedepeHCHBIX 3HaUeHUH,
npezcraBieHHbix G. Acharya et al. [13].

Cmamucmuueckuil anaau3

JIuXoTOMUYECKHEe TPU3HAKHU IPEJICTAaBJIEHBI KaK
abCOJTIOTHBIE YMCJIA U MPOIEHTHI, & KOJIMUECTBEH-
HbIe — Kak cpeauue apudmernueckue (M) u cpemue-
KBaJipaTHyecKre OTKIOHeHu:A (SD). Pazimuus Mmexy
rpymnIaMu Mo YJIbTPa3BYKOBBIM ITOKA3aTesIAM OIfe-
HUBAJIU C TOMOIIBI0 HEMapaMeTPUUECKOTO KpUTe-
pua Maunna — Yurau. Kpurepuu xu-ksazgpat Ilup-
COHA U TOYHBIN KpuTepuii Ouiliepa IpUMEHSIIN TIPU
OIIeHKe KaTerOpUaIbHBIX 3HAUEHUH, B 3aBUCUMOCTH
OT OKU/JAeMBbIX 3HAUEHUH B KaXKI0H AUYelKe.

YT0OBI BHISIBUTH CBSA3b MEK/Ty ITOTEHIIUATBHBIMU
daxTopamMu pHUCKA U TOCIHUTAIM3ANUEN HOBOPOK-
JIEHHBIX B OT/IeJIEHHEe peaHUMAaIlui ¥ WHTEHCUBHOU
Tepanuy, NPUMEHsTI MHOTOMEPHBIH PerpeccroH-
HbIH aHanu3 [lyaccona. C ero moMoIpo O1eHUBaIN
HECKOPPEKTUPOBAHHBIE U  CKOPPEKTHPOBAHHBIE
otHocutesnbHble pucku (OP) ¢ 95% moBepuresnb-
HeIMU wuHTepBasiamMu ([IM1). [yt Gosee TOYHOTO
OTpaKEHHsI  BapuabeJbHOCTH  KO3(DDUITMEHTOB
perpeccuu 6bLTH UCIIOIb30BAaHbI pO6ACTHBIE OMIHOKU
npu aHanmuze IV [14]. OcHOBBIBasich Ha JAaHHBIX
JIUTEPATypPhl, B MHOTOMEPHBIE MOJIEJI BKJIIOYAJIU
cJIelytolue MOTeHITHaIbHbIe (haKTOPhI PUCKA: BO3-
pacrt nio 25 set, [I1 MA, T11 AIl, I{I10, masoBoaue,
NMT <18,5 kr/mM2, TuarHOCTUPOBAaHHAs TeCTAIOH-
Hadg AI, BPBHK, kypeHue, LiepBUIIUT, POKJIeHUE
pebenxka ¢ 3PI1 B anamHe3e. YIbTpa3ByKOBBIE ITOKA-
3aTeJIu MPEJICTABJISUIN B BHJIE HENPEPHIBHBIX IEpe-
MEHHBIX, a OCTaJIbHbIE — B BUZle OMHApHBIX. [[okaza-
TeJIeM KPUTUYECKOTO YPOBHS 3HAYMMOCTH SIBJISITIOCH
3HAYeHUeE 0,05. /laHHbIE B UCCIE0BAaHUY OBLIH ITPO-
AQHAIM3UPOBAHBI MIPU ITOMOIIY TTaKeTa CTaTUCTUYe-
ckux mporpamm Stata 18 (StataCorp LLC, CIIA) [15].

PE3YJ/IBTATDBI

B 111 ciyuasx, UTo cocTaBisIeT 35,4 % OT 001Iero
Yuciia Cy4daeB, ObLI BBIABJIEH MO3MHUNA (DEHOTHIT
3PII, B 41 (36,9 %) ciayuae u3 111 BIIOCJIEJICTBHU
moTpeboBasach TOCIIUTAIN3AIMI HOBOPOK/IEHHBIX B
OPUT.

Kimmauko-anamuectrueckue (Tabit. 1) U yabTpa-
3BYKOBbIE U JIONIUIeporpaduyecKre MPU3HAKHU
(puc. 1) mpejicTaBIeHbl pas3zeabHO, YIUTHIBAS pas-
JIMYHBIE TUITBI IAaHHBIX.

RESULTS

In 111 cases, which are 35,4% of the total, the late-
onset FGR was detected; in 41 (36,9%) cases out of
111 cases, subsequently, the ICU admission was
required.

Clinical and anamnestic data (Table 1), as well as
ultrasound and Dopplerography findings (Fig. 1) are
presented separately, taking into account different
types of data.

An analysis of clinical and anamnestic data in the
study group showed that the most significant factors
were maternal underweight (BMI <18,5 kg/m?), ges-
tational hypertension, VVLE, and recurrent FGR.

When analyzing the Doppler ultrasound indices,
it was revealed that in cases of admission to the neo-
natal ICU, a more pronounced impairment of blood
flow was noted antenatally. Significant abnormalities
were identified in the values of UtA PI (p = 0,014),
UCR (p = 0,002), and CPR (p = 0,028).

The results of assessment of the independent
influence of each of the studied factors on the prob-
ability of ICU admission are presented in Table 2.

When assessing the unadjusted risks, the most
significant factors were oligohydramnios, gestational
hypertension, VVLE, and a history of FGR.

Later, when carrying out mathematical correc-
tion, it was revealed that deviations in UmA PI, UtA
PI according to Doppler ultrasound, the presence of
varicose veins in the mother, and recurrent FGR
were statistically significant. In the presence of clini-
cal and anamnestic factors, the risk of admission to
the ICU was 1,28-1,91 times higher.

An interesting fact is that a change in UmA PI is
associated with a lower risk of poor neonatal status.

DISCUSSION

The issue of prolongation of gestation is raised in
every pregnancy complicated by FGR. It is important
to decide whether it is necessary to achieve maturity
of the fetal organ systems or whether preterm deliv-
ery is needed, since there is a high risk of fetal dete-
rioration and subsequent admission of the newborn
to the ICU [1].

Antenatal ultrasound with Doppler assessment of
uteroplacental, fetoplacental and fetal blood flows is
recognized as the best examination to diagnose
growth restriction and fetal monitoring [1].

In a study by Dall’Asta et al. (2022), the mean
UtA PI >95™ centile in late-onset FGR is associated
with fetal intrapartum distress, which requires
obstetric care [16]. Nevertheless, abnormal UtA PI
was not associated with unfavorable outcomes. The
authors suggested that abnormalities in CPR or UtA
PI parameters may reflect the subclinical course of
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Ta6smua 1. PacnpocTpaHeHHOCTb GHHAPHBIX $AaKTOPOB PUCKA TOCIUTAIM3AL MY HOBOPOXK/AeHHbIX B OPUT
B COBOKYITHOCTH GepeMeHHBbIX ¢ Mo3iHel GopMOH 3a/iepKKHU pocTa miozaa, n/N (%)
Table 1. Prevalence of binary risk factors for neonatal ICU for pregnant women with late-onset FRG, n/N (%)

K/IMHUKO-aHaMHeCTH- PacnpocTpaHeHHOCTB IlepeBoz B mociepo-
YeCKUH NPU3HAK NpHU3HaKa L‘o(;:g;'fl‘aﬂnsauuﬂ JOBOE OTJe/IeHne 2(df = 1)
Clinical and anamnestic Prevalence s Transfer to post- X - p

ICU admission
parameter of the parameter natal wards
Bospacr go 25 set 33/111 (29,7) 15/33 (45,5) 18/33 (54,5) 1,46 0,226
Age under 25 years
MaJsoBoaue 43/111 (38,7) 21/43 (48,8) 22/43 (51,2) 4,27 0,039
Oligohydramnios
UMT <18,5 kr/m? 24/111 (21,6) 13/24 (54,2) 11/24 (45,8) 3,90 0,048
BMI < 18,5 kg/m?
TectanuonHas AT 46/111 (41,4) 25/46 (54,3) 21/46 (45,6) 10,22 0,001
Gestational hypertension
BPBHK / VVLE 33/111 (30,0) 20/33 (60,6) 13/33 (39,4) 10,98 0,009
KypeHue B aHaMHe3e 63/111 (56,8) 27/63 (42,9) 36/63(57,1) 2,19 0,139
History of smoking
3PII B aHaMHe3e 17/111 (15,3) 10/17 (58,8) 7/17 (41,2) 4,13 0,042
History of FGR
LepBunut / Cervicitis 39/111 (35,4) 19/39 (48,7) 20/39 (51,3) 3,58 0,058

[IpumevyaHnue.

OPUT - oTpesneHue peaHMMalMy W MHTeHCUMBHOW Tepanuu; UMT - uHgexkc Maccel Tesna; Al - apTrepuasjbHas

runeprensusi; BPBHK - Bapuko3sHoe paciivpeHue BeH HUXKHUX KoHeuHocTel; 3PI1 - 3azieprkka pocTa nioza.

Note

AHaN3 KJIUHUKO-aHAMHECTUYECKUX MTPU3HAKOB
B HCCJIEAyEMOU IPYyIIIIe TOKa3aJl, 4TO HanboJiee 3Ha-
YUMBIMU OBLIN HEIOCTATOUHAS Macca TeJjla y MaTepu
(UMT <18,5 xr/m?), recraninonnass AI', BPBHK u
Haymane 6epemenHocty ¢ 3PII B anamuese.

ITpu ananmse poniieporpaduyecKux okasaresnei
ObUIO BBISBJIEHO, UTO B (JIyYasX TOCIUTAIU3AINKA B

. ICU - intensive care unit; BMI - body mass index; VVLE - varicose veins of the lower extremities; FRG - fetal growth restriction.

placental insufficiency. Thus, an abnormal UtA PI
may be a risk factor for fetal and neonatal complica-
tions during the perinatal period in prenatally diag-
nosed FGR [16], which was confirmed in our study.
Also in the study, in every fourth case, the neonatal
ICU admission was required [16], which is lower
than in our work (36,9%). The diagnosis of prematu-

2.0
B 111 MA / UtA PI
I8 B M AT/ UmA PI
5 ’ o IO /UCR
§§D 1.6 @ 10 / CPR
==t
= o
28 14 T
2
g2 12
=
: ]
=
0.8

Tocnuranuzamus 8 OPUT
ICU admission

ITepeBoz B MoCIepoOBOE OTACICHUE
Transfer to post-natal wards

MaprpyTHu3anust HOBOPOXKJCHHOTO

Newborn routing

Puc. 1. YipTpa3BykoBble GaKTOPBI PHCKA TOCIIUTATN3AINH HOBOPOXK/IeHHBIX B OPUT B COBOKYITHOCTH GEpEMEHHBIX C
o3/iHen popmoit 3aziep:kku pocra mwioga ([T MA — myabcaniioHHBIA WHZIEKC MaTouHOU apTepun; [T AIl — mysbcanu-
OHHBIN UH/IeKC apTepuu mynoBuHsl; [0 — mynouno-niepebpaibHOe oTHOIeHue; LIT10 — nepebpo-IianeHTapHoe OTHO-

menue; OPUT — oTznesieHNe peaHNMAIVH U HHTEHCUBHOU T€PAIIHH)

Fig. 1. Ultrasound risk factors for neonatal ICU admission for pregnant women with late-onset fetal growth restriction

(UtA PI — uterine artery pulsatility index; UmA PI — umbilical artery of the pulsatility index; UCR — umbilical-cerebral

ratio; CPR — cerebro-placental ratio; ICU — intensive care unit)
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Ta6/mmua 2. OTHOCHTe/IbHbIE PUCKH TOCIUTAIM3alMY HOBOPOXKieHHbIX B OPUT 1o pesysibTaTaM MHOTOMEpPHOTO

perpecCMOHHOI0O aHaJ/iu3a HyaCCOHa

Table 2. Relative risks of neonatal ICU admission based on the results of multivariate Poisson regression

IlpusHak / Parameter HOP / uRR 95% 1N / 95% CI  cOP / aRR 95% /1IN | 95% CI
Bospacrt no 25 jsiet / Age under 25 years 1,66 0,73-3,83 1,16 0,69-1,94
[T MA / UtA PI 1,10 0,89-1,37 1,28 1,04-1,57
[T1 AIT / UmA PI 0,94 0,74-1,18 0,78 0,62-0,99
10 / UCR 1,48 0,68-3,26 1,12 0,75-1,67
[I10 / CPR 2,87 0,64-12,94 1,57 0,72-3,46
MasnoBoaue / Oligohydramnios 2,3 1,04-5,07 1,11 0,63-1,95
UMT <18,5 kr/m? | BMI <18,5 kg/m? 2,5 0,99-6,25 1,14 0,69-1,87
lectannonHas Al' / Gestational hypertension 3,65 1,62-8,19 1,60 0,92-2,78
BPBHK / VVLE 4,10 1,74-9,69 1,91 1,12-3,26
Kypenue B anamHe3e / History of smoking 1,82 0,82-4,04 1,35 0,79-2,29
3PII B aHamHes3e / History of FGR 2,90 1,01-8,36 1,67 1,03-2,71
lHepBunut / Cervicitis 2,15 0,97-4,82 1,01 0,02-0,28

[IpumMevyaHnue.

HOP - HecKOppeKTUPOBaHHBIA OTHOCUTEJbHBIN pUCK; COP — ckOppeKTHUpOBaHHBIA OTHOCUTEJNbHBIN puck; U -

JloBepuUTeNbHbIN UHTepBas; [IM MA - nysbcaniuoHHbIN UHAEKC MaTOYHOU apTepuu; [TU All - nysibcallMOHHBIN UHAEKC apTepUU MyTIOBUHBI;
1110 - nynouHo-nepe6pasbHoe oTHoweHHUe; LII10 - nepe6po-nianeHTapHoe oTHomeHue; UMT - uHzekc Maccel Tesa; Al - apTepraabHast
runeprensusi; BPBHK - Bapuko3Hoe paciivpeHue BeH HUXKHUX KoHeuHocTel; 3PIT - 3a/ieprkka pocTa mioza.

N o t e . uRR - unadjusted relative risk; aRR - adjusted relative risk; CI - confidence interval; UtA PI - uterine artery pulsatility index;
UmA PI - umbilical artery pulsatility index; UCR - umbilical-cerebral ratio; CPR - cerebro-placental ratio; BMI - body mass index; VVLE -

varicose veins of the lower extremities; FGR - fetal growth restriction.

OPUT HOBOPOXKIEHHBIX aHTEHATAJIBHO OTMEYasoch
Gosiee BBIp’KEHHOE HapyllleHHe KPOBOTOKOB. BbIpa-
JKeHHbIe OTKJIOHEHUS BBIABJIEHBI CpelU IoKasaresiei
I[N MA (p = 0,014), ITI1O (p = 0,002), IIT10 (p = 0,028).

PesysibTaThl OIlEHKH HE3aBUCHUMOIO BJIMAHUA
KaKJ0TO U3 U3ydaeMbIX (PaKTOPOB HA BEPOATHOCTH
rocrimranusanuu B OPUT npezacrassieHs! B Ta0I. 2.

IIpu oneHke HECKOPPEKTHUPOBAHHBIX PHUCKOB
Hanboyiee 3HAUUMBIMU (AKTOPAaMH OKa3aIUCh
masioBogue, rectatmonHas AI, BPBHK u Hanmmuue
3PII B aHamHe3se.

B nmanpHeliiemM mpu IpoBeleHUU MaTeMaTHde-
CKOU KOPPEKIIMH BBISBHJIH, YTO CTAaTHUCTUYECKOU
3HAYUMOCTBIO 00J1a/1a/IN OTKJIOHEHUs ITOKa3aTeJen
[T AT, IT1 MA 1o fa=gHBIM YJIBTPa3ByKOBOTO /10T~
wieporpauueckoro  HCCAeAOBaHUA,  Hajlu4due
BapUKO3HO-PACIINPEHHBIX BeH y MaTepH, bepeMeH-
Hoctu ¢ 3PII B aHamHuese. Ilpu Hajmuuuu JaHHBIX
KJIMHUKO-aHAMHECTUYeCKUX U MHCTPYMEHTaJIbHBIX
dakropoB puck rocnutanuzaruu B OPUT 6but
BhIIIE B 1,28—-1,91 pasa.

Wurepecen ToT ¢axr, uro uzmeHenme 11 All
CBA3aHO C MEHBIINUM DHUCKOM TSKEJIOTO COCTOSAHUA
HOBOPOK/IEHHOTO.

OBCYK/IEHUE

Bompoc 0 BO3MOKHOCTHU IIPOJIOHTAINH IIpoIiecca
recTaliiyl MMOJAHUMAETCS HPHU KaxkAou OGepeMeHHO-
crth, ocnoxkHeHHOW 3PII. BaxxHo permuTh, He0bOXO-

rity was made in every fifth case, and was associated
with hypoglycemia. It is assumed that in case of FGR
and low fetal body weight, there is also an insuffi-
cient body fat percentage, which is a risk factor for
neonatal hypoglycemia [17].

According to Srirambhatla et al. (2022), an
abnormal pulsatility in the UmA is the most sensitive
predictor (66%) of adverse outcomes [18]. In FGR,
early changes occur in the UmA due to an increased
blood flow resistance in the placental arteries and
arterioles. With developing placental insufficiency,
circulatory centralization, the so-called brain-spar-
ing effect occurs [19]. Initial blood flow disorders
could occur in the UmA, UtA, and at later gestational
ages lead to severe fetal hypoxia. Thus, blood flow in
the UmA is important in predicting adverse perinatal
outcomes [20]. In our study, a change in the UmA PI
is associated with a lower risk of neonatal ICU admis-
sion, presumably because of early diagnosis of its
abnormalities and timely delivery, which determined
satisfactory or moderately severe condition at birth.

Our study also found the association between
VVLE in the mother and worse neonatal status. In a
study by Ortega et al. (2021), among women with
vaginal delivery and chronic diseases of the venous
system (VVLE, pelvic varicose veins), FGR and fetal
distress were significantly more common compared
with women without vascular pathology (OR = 1,30,
99,55% CI = 1,08-1,54). This fact is due to the
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MO JI JIOCTHKEHHE 3PEeJIOCTU CHCTEM OPTaHOB
IUIO/Ia WJIN CJIeAlyeT IIPOBECTH PpOAOpa3pelleHme
MpeXKIEeBPEMEHHO, TaK KaK BBICOK PUCK YXY/IIIEHUS
COCTOSIHUA IUIOZA M B JTQIbHEHUIIEM TOCITUTATH3a-
oy HoBopokieHHoro B OPUT [1].

HawtyumuM criocob60M TMarHOCTUKU 3a/IePIKKU
pocTa U MOHHWTOPHUHTA COCTOSIHHUSA IUIOAA IPU3HA-
eTCsl YJIBTPAa3BYKOBOE HCCJIEJIOBAHUE C JONILIEPO-
rpaduyeckoil OIeHKOM MaTOYHO-IIJIalleHTapHOTO,
(eTomIAIEHTADHOTO U IIJIOJIOBOTO KPOBOTOKOB B
aHTeHaTaAJIbHBIN TIepuoy [1].

B ncenemosannu A. Dall’Asta et al. (2022) Hamnure
HapyIIeHUH KPOBOTOKA B MATOUHOH apTepHH >95-TO
neHTWIA npu nosHed 3PII cBA3aHO C ucTpeccoMm
IJIOZIa BO BPEMs POZIOB, UTO TpPeOyeT OKa3aHUs aKy-
mepckort momomnu [16]. Tem He MeHee OTKJIOHEHUE
IoKazaressi KpoBoToka B MA He ObUIO CBA3aHO C
HeOJIaTONPUATHBIME UCXOJIaMU. ABTOPBI ITPEZTIOJIO-
JKIJIH, 9TO OTKJIOHeHUs mokasarenei III1O wiu TN
MA MoryT oTpakaTh IUIAIlEHTApHYIO HEIOCTaTOY-
HOCTh, KOTOpasi IMpOTeKaeT CyOKIMHWUYecKH. Takum
o6paszom, otkionenue [T MA MozkeT ObITh (haKTOpOM
PHCKa OCIIO?KHEHUH IJI0/1a 1 HOBOPOXK/IEHHOT'O B IIEPU-
HATaJIbHOM IIEPUO/IE TIPU IIPEHATAIHHO AUArHOCTHPO-
BaHHOH 3PI1 [16], uTO MOATBEPKAECHO B HAIIIEM HCCITE-
nmoBaHuU. TaxKe B UCCIIEIOBAHUM B KAXK/IOM YeTBED-
TOM CJIydae TpeOOBaach TOCITUTAIU3AIUS HOBOPOIK-
JIEHHBIX B OT/IeJIEHWE peaHuManuH [16], 4TO HIDKeE,
yeM B Hare# pabore (36,9 %). /luarHo3 HeIOHOIIIEH-
HOCTH ObUT ITOCTABJIEH B KAYK/IOM IIATOM CJIyJae U CBsi-
3aH C COCTOSTHHEM THNOIIMKeMuu. lIpearosararor,
gro npu 3PII 1 HU3KOM Macce TeJia IUI0/Ia TAKXKe NMe-
€TCs1 HEIOCTATOYHOE KOJIMYECTBO KUPA, UTO SBJISETCS
(axTOpOM prCcKa HEOHATAIHHOU TUIIOTJINKEMUH [17].

CorsacHo A. Srirambhatla et al. (2022) napyue-
HUe KpoBoTOKa B All sBjsieTcs: HauboJiee UyBCTBU-
TEJIbHBIM TpeauKTopoM (66 %) HebOIarompHUsTHBIX
ncxozoB [18]. I[Ipu 3PII panHUe U3MeHEHUs ITPOUC-
xoaaT B AIl BcieZicTBHeE YBEJIUUYEHUST COTPOTHUBIIE-
HUSI KPOBOTOKA B apTepUsIX U apTepUOJIaX IUIAIeH-
TapHOTO JiepeBa. IIpm pasBUTHUH IIalleHTApHOM
HEJIOCTATOYHOCTH  IPOUCXOAUT  I€HTPATH3AIUs
KpOBOOOpaIeHus, Tak Ha3bIBaeMblll brain-sparing
effect [19]. HauasbHble HapylIeHHS KPOBOTOKOB
Moriiu npoucxoauTs B AIl, MA 1 Ha TO3JTHUX CPOKax
IIPUBOAUTH K BRIPAYKEHHOH TUITOKCUH 1072, Takum
obpaszoM, mokasaresib KpoBOoToka AIl BaskeH mpu
MIPOTHO3UPOBAHUN HEOJIATONPUATHBIX KCXO/IOB B
MepUHATAIBHOM Tiepuozie [20]. B Hamem wuccieno-
BaHNU u3MeHeHUe mapamerpa [IM AIl cBazano ¢
MEHBIIIMM PHUCKOM TOCIHUTATH3AIAN HOBOPOIKIEH-
HBIX B OT/leJIEHUE DPeaHWMAaIllid U WHTEHCHUBHOM
Teparuy, MPeIIOoIOKUTEIPHO BCJIEJCTBUE PAaHHEN
JIUaTHOCTUKU €r0 OTKJIOHEHUU W CBOEBPEMEHHOTO

changes in the vascular wall, including high apopto-
sis level, change in the HIF-1a gene expression, and
increased oxidative stress and lipid peroxidation lev-
els [21].

Also of interest is the fact that a history of FGR is
closely associated with chronic cardiovascular dis-
eases in the mother, which leads to endothelial dys-
function-related placental insufficiency, unfavorable
outcomes and a high frequency of neonatal ICU
admission [22].

Thus, the identified risk factors justify the timely
posing of the question of the timing and mode of
delivery in late-onset FGR.

Our research has some limitations. Although we
analyzed the continuous sample, the statistical power
to identify poor associations may be insufficient due
to conducting the study in the setting of a single clin-
ical base during the limited period of time. It is nec-
essary to perform multicenter studies to identify pos-
sible variability in the results due to increased analy-
sis set.

Despite the potential limitations of the study,
the results obtained can be used to reproduce in
larger multicenter studies to develop prognostic
models of perinatal complications in late-onset
FGR. The combined data analysis makes it possible
to develop an individual approach to the manage-
ment and risk assessment of FGR complicated preg-
nancy. It is important to expand the prognosis scale
not only for late-onset, but also for early-onset FGR,
provided there is a sufficient sample, since the
early-onset phenotype is associated with a large
number of adverse outcomes and gestational com-
plications.

CONCLUSION

In the study sample, risk factors significantly
associated with neonatal ICU admission in late-onset
FGR were UtA PI abnormalities, varicose veins in the
mother, and a history of pregnancy with FGR. At the
same time, an abnormal pulsatility in the UmA was
associated with a lower risk of poor neonatal status
due to early detection of abnormalities and timely
delivery. The results of our study can become the
basis for further research when reproducing them in
valid prognostic models with high levels of sensitiv-
ity and specificity.
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pOZIOpa3peINieHusi, YTO IMPHUBEIO K VAOBJIETBOPU-
TEJIbHOMY COCTOSTHUIO WJIM COCTOSTHUIO CPETHEH cTe-
TIEHU TSKECTU MIPU POIKIEHUH.

B HameMm wuccienoBaHUHM Tak:Ke OOHapy:KeHa
cBA3b Mexy HasnuyueM y marepu BPBHK u taxe-
JIBIM COCTOSTHHEM HOBOPOXKJIEHHOTO. B mccienosa-
Huu M.A. Ortega et al. (2021) cpeau >KeHIIUH, POJIO-
Pa3pelIeHHbIX Uepe3 eCTECTBEHHbIE PO/IOBBIE ITYTH U
MMEBIIIUX XPOHHUUYECKHe 3ab0JieBaHUs BEHO3HOM
cucrembl (BPBHK, Bapuko3Hoe pacuminpeHue BeH
MaJIOTO Tasa), 3HAUMTEJIHLHO Yallle ObLIA OTMeYEHbI
3PII u pucrpecc mIofa MO CPaBHEHUIO C KEHIU-
HamMu 0e3 IIaTOJIOTUH  COCYJIUCTOH  CHCTEMBI
(OUI = 1,30, 99,55% AU = 1,08-1,54). JlaHHBIA DaKT
00yC/I0BJIEH UBMEHEHUSIMHU B CTEHKE COCY/IOB, BKJTIO-
YAIOMNMHU BBICOKUH YDPOBEHH aIllOINTO3a KJIETOK,
U3MeHeHue sKcnpeccuu reHa HIF-ia, yBenudeHue
VPOBHS OKCHUJIATUBHOTO CTPECCA C POCTOM YPOBHEU
TIEPEKUCHOTO OKHUCJIEHUS JIMITU/IOB [21].

Tax>ke nHTEpeceH TOT dakT, uto Hasmnuue 3PII B
aHaMHe3e TeCHO CBA3aHO C XPOHUYECKUMHU 3a00Jie-
BaHUSAMHU CEPJEYHO-COCYAUCTON CUCTEMBI y MaTEPH,
YTO MPUBOJIUT K IUIAIIEHTAPHOH HEI0OCTAaTOYHOCTHU
BCJIEICTBHE DH/OTEUAIBHOU AuchyHKINH, Heb1a-
TOIPUATHBIM UCXO/IaM U BBICOKOU YaCTOTE TOCIIUTA-
JIM3anui HoBOposkieHHbIX B OPUT [22].

Taxkum 00pa3oM, BbIBJIEHHBIE (PAKTOPHI PHUCKA

00OCHOBBIBAIOT ~ CBOEBPEMEHHYIO  ITOCTAHOBKY
BOIIPOCA O CPOKE U METOJIe PO/IOPA3PENIeHUs TIPU
no3aHel popme 3PII.

ITpoBeneHHOE HCCIEAOBAHUE MMEET HEKOTOpbIe
orpaHuueHus. HecMoTps Ha TO, YTO HAMHU IIpoOaHa-
JIN3UPOBaHA CIUIONIHAA BBIOOPKA, CTATUCTUYECKAs
MOIITHOCTD JIJISI BBISBJIEHUs CIaOBIX CBSI3€H MOKET
OBITH HEJIOCTATOYHOU BCJIEACTBUE IIPOBEJIEHUS
WCCIJIeZIOBAaHUA HAa OJHOM KJIMHWYECKOW O6aze 3a
OTPaHWYEHHBIH Tmepuosi BpeMeHU. Heobxoammo
BBITIOJTHEHNIE MHOTOLIEHTPOBBIX HCCJIEZIOBAHUM IS
BBISBJIEHUSI BO3MOKHOU BapUATUBHOCTU pPeE3yJIbTa-
TOB BCJIEZICTBHE YBEJIMUEHUA COBOKYITHOCTH.

HecmoTpss Ha DOTEeHIMAIbHBIE OrPAHUYEHUS
HICCIIEZIOBAHMSA, [IOJTyUYEHHbIE PE3YJIBTAThl MOTYT OBITH
HICITOJIb30BAHBI /I BOCIIPOM3BENIEHN: B 60sIee KpyII-
HBIX MHOTOIIEHTPOBBIX HCCJIEJIOBAHUAX C IIEJIBI0 CO3-
JIAaHUSI TIPOTHOCTHYECKUX MOJEIed TepUHATAIBHBIX
ocJiokHeHUH npu noszHeM denorune 3PII. Ananus
JIAHHBIX B COBOKYITHOCTH IIO3BOJIIET pa3paboTaTh
WHJIUBU/IyJIbHBIA TIOJIXO/T K BEIEHHUIO M OIIEHKE
puckoB mpu GepeMeHHOCTH, OciOxKHeHHON 3PII.
BaxxHo pacmmputh 006J1aCTh NPOTHO3UPOBAHUSA He
TOJIBKO ITpY NI03/1HEH, HO 1 1Tpu paHHel 3PI1 pu ycito-
BUH JJOCTaTOYHOH BBIOOPKH, TAK KaK TAHHBIH (heHOTHIT
accoruupyercsi ¢ OOJIBIITUM KOJIMYECTBOM HeOJIaro-
MIPUATHBIX UCXO/IOB U TeCTAIIMOHHBIX OCJIOKHEHUH.
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3AK/IIOUEHUWE

dakTopaMu puCKa, 3HAYMMO CBS3aHHBIMU C
TOCHUTAINU3AIUAMU HOBOPOXKZeHHbIX B OPUT npu
no3aueM ¢enotune 3PII B u3ydaemoil BBIOOpDKE,
SIBJISJIACH OTKJIOHEeHUA nokasaresieit [T MA, Hanu-
Yre BApUKO3HO-PaCITHPEHHBIX BEH y MaTepu U bepe-
menHoctH ¢ 3PII B anamue3se. B To ke Bpems Hapy-
meHue KpoBoToka B AIl ObLIO CBA3aHO C MEHBIITUM
PUCKOM THKEJIOTO COCTOSHUSA HOBOPOXK/IEHHOTO IIPHU
POK/IEHUM BCJIEAICTBUE PAHHETO BBISBJIEHUS] OTKJIO-
HEHUA U CBOEBPEMEHHOTO PpOIOPA3pEIIeHUs.
PesyspTaThl Hallleli HaydyHOH paboOThl MOTYT CTaTh
OCHOBOU JIaJIbHEHUIIIUX UCCIIEIOBAHUM TIPU BOCIIPO-
U3BeJIeHUH UX B BAJIU/IHBIX IPOTHOCTUYECKUX MO/ie-
JIIX C BBICOKUMH YPOBHSIMHU UYBCTBUTEJIBHOCTH U
crieruUIHOCTH.
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HNccaenoBaHue CTaOMIbHOCTH TBEPABIX AUCIIEPCUI
aI0eH/1a30J1a, MOJTyUYeHHbIX MEXaHOXUMUYEeCKUM
TBEepAO(PaA3HBIM CHHTE30M

10.1. Tuxomuposal, H.O. Kapabunnesa!, E.C. MereneBa2, B.11. EBceenko?, A.B. Jlymkun?,
M.B. 3estmkman?

@I'6OY BO «Hosocubupckuil 2ocydapcmeaeHHblil meduyuHckuil ynusepcumem» Munadpasa Poccuu, Hogocubupck,
Poccus

2@I'bBYH Hucmumym xumuu meepdozo meaa u mexaroxumuu CO PAH, Hosocubupck, Poccus

AHHOTAITHA

BBegewnue. IIpobaemadbapMakoTepany OMUCTOPX03a OCTAETCS AKTYAIBHOHN BCJIE/ICTBIE OTPAHUYEHHOTO BHIGOPA
IIPOTUBOOIHCTOPXO3HBIX JIEKAPCTBEHHBIX ITPENIAPATOB ¥ UX HU3KHUX OnodapManeBTHUYeCKUX XapaKTepUCTHK. M crmomp30-
BaHHE MEXaHOXMMHUYECKOTO METO/A /ISl MoJydeHus TBepAbix aucnepcuii (TIT) anbenmaszosa (AJIB) co BermomMoraTesb-
HBIMU BeIleCTBAMU IIO3BOJISIET YBEJINIUTH €0 PACTBOPUMOCTD B BOJIE M CHU3UTDh TOKCUYHOCTb. VI3ydeHre cTaOMIbHOCTH
T/T AJIB B mpoiiecce XpaHEHUs SIBJIsIETCsI aKTyaIbHOU 3ajjauell B jajibHeHIIel pa3paboTke JeKapcTBeHHOH hopmbl (JID)
Ha UX OCHOBe.

IT e 1 b . HccnenoBanue cTabUIbHOCTH TBEP/BIX AUCIEPCUN AI0EH 1230712, TIOJIYIEHHBIX MEXaHOXUMUYECKUM TBEP/IO-
¢a3HBIM CHHTE30M.

Matepuanb u MerTo bl .O06bekramu uccienoBanusa 6etr T/ AJIB ¢ apabunoranakrtanoMm (AT') u sKc-
TpakToM cosionku (DC) B KauecTBe KOMILIEKCOOOpa3oBarTesieil, B pa3IUYHbIX MAaCCOBBIX COOTHOIIEHUSIX U C PA3TUYHON
MIPOJIOJIKUTEIFHOCTHI0O MeXaHooOpabotku. CrabmwibHOCTh TJ] AJIB mM3yueHa METOZIOM «YCKOPEHHOTO CTapeHHUs» MpPH
temrepatype 40 °C B TeueHue 6 mecsieB. KOHTPOJIb cTaOMIIBHOCTH OCYIIECTBIISUIN B 3 BpDEMEHHBIX TOUKaxX (0, 3 1 6 Mec
COOTBETCTBEHHO) 110 IapaMeTpy «OIHCAHHUEe» U cofiepkaHuio AJIB MeTooM BBICOK03(DHEKTUBHOM KUTKOCTHOH XpoMa-
Torpadun.

Pe3ynbTart bl . V3ydyeHbl KaueCTBEHHbBIE U KOJTMUECTBEHHBIE TapaMeTpsl crabmibHocTu T/ AJIB B mportiecce xpa-
HeHusdA. CozepkaHre OCHOBHOT'O JIEUCTBYIOIIETO BEIIeCTBA B KOHEYHOH TOUKE KOHTPOJIS BO BCEX HCCIIEAYyEeMBIX 00pa3max
COCTaBJISIET HE MeHee 97 % OTHOCHUTEJHHO HAYaJIbHOTO cocTaBa. Ha ocHoBaHuu mpaBuia Baut-T'odda 6puT paccunTan
K03 UINEHT COOTBETCTBUSA, IIPE/III0IaraeMblid cpok roguoctu 1A T/ AJIB u Temueparypa XpaHeHUs, T03BOJIAIONAs
00eCIeYuTh YCTAHOBJIEHHBIA CPOK TOTHOCTH.

3aknwueHnue. TTAJBcAT u T/ AJIB c 3C, nosiyueHHbIe MEXAHOXUMHUYECKUM METO/IOM, CTAOUJIHHBI B TEUEHHE
182 CyT 9KCIepUMEHTAILHOTO XpaHEeHUs, YTO COOTBETCTBYET 728 CyT (2 rolaM) B €CTeCTBEHHBIX YCJIOBUAX. [1oyTyueHHbIE
JIAaHHBIE CBUJIETEILCTBYET O BBICOKOH CTaOMIBbHOCTH uccenyeMbiX T/ AJIB v MOTYT OBITh HCIIOJIb30BAHbI B Ta/IbHEHIIIEH
paspaboTke JieKapCTBEHHBIX (JOPM Ha UX OCHOBE.

Kmouessle croea: abeH1a30I1, TBepble JUCTIEPCHH, MEXaHOXUMUUYECKUH METO/, CTaOUIHHOCTb.
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A study of the stability of solid dispersions of albendazole
obtained by mechanochemical solid-phase synthesis
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ABSTRACT

Introduction. Pharmacological treatment of opisthorchiasis remains the relevant challenge due to the limited
choice of drugs against opisthorchiasis and their unsatisfactory biopharmaceutical properties. The use of the mechano-
chemical method for obtaining solid dispersions (SDs) of albendazole (ALB) with excipients allows to increase its water-
solubility and decrease toxicity. Investigation of the stability of SDs of ALB during long-term storage is a relevant objective
of the further development of SDs of ALB-based dosage forms.

A im . Astudy of the stability of SDs of ALB obtained by mechanochemical solid-phase synthesis.

Materials and methods. Theobjects of the study were SDs of ALB with arabinogalactan (AG) and lico-
rice extract (LE) as complexing agents in various mass ratios and at different machining duration. The stability of SDs of
ALB was studied by the method of accelerated ageing at 40°C for 6 months. Stability control was carried out at 3 time
points (0, 3 and 6 months, respectively) based on the description parameter and the ALB content that was measured using
high-performance liquid chromatography.

R e s ults . Thequalitative and quantitative parameters of the stability of SDs of ALB during storage were studied. The
content of the main active substance at the end point for all studied samples is not less than 97% relative to the parent
composition. Based on the van’t Hoff’s rule, the concordance coefficient, the expected shelf life for SDs of ALB and the stor-
age temperature allowing to ensure the estimated shelf life were calculated.

Conclusion. SDsof ALB with AG and SDs of ALB with LE obtained by mechanochemical solid-phase synthesis
are stable for 182 days of experimental storage, which corresponds to 728 days under natural conditions. The data obtained
indicate high stability of the studied SDs of ALB and can be used in further development of dosage forms based on them.
Keywords: albendazole, solid dispersions, mechanochemical method, stability.
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BBEJIAEHUE

OmnucTopxo3 OCTaeTcss OJHOW W3 BayKHEHUIINX
COBPEMEHHBIX COIIMATBbHO-MEIUITMHCKUX ITP00IEM B
Mupe. 3ab0JIeBaHNe XapaKTepU3yeTcs JITTUTETbHBIM
TeueHHeM, YacThIMU OCJIOKHEHHUAMU U Pa3BUTHEM
peuuauBHBIX ¢opM [1]. B Hacrosimee BpeMs: BHIOOD
JIeKapcTBEHHBIX mpenapatoB (JIII) mia seueHus
OIHMCTOPX03a OTPAHUYEH, YTO B 3HAUUTEJILHOU cTe-
IEeHU CHUXKaeT KOMQOPTHOCTh (apMaKoTepanuu,
MIOBBIIIAET PUCK (OPMHUPOBAHUS PE3UCTEHTHOCTH Y
[apasuToOB, a TAaKXKe BO3HUKHOBEHUS ITOOOYHBIX
3¢ dekToB BeeACTBUE HU3KUX OnodapMareBTuye-
CKUX XapaKTEePUCTUK IIPOTUBOOINCTOPXO3HBIX IIpe-
maparoB [2]. Bce BollenepevunciieHHOe 00yCIOBIN-
BaeT AaKTYaJbHOCTh IIOWCKA HOBBIX YJIYUIIEHHBIX
MeTO/IOB JieueHUA U 3(PEeKTUBHBIX IpPernaparos,
00J1a1aI0IITUX TPOTUBOOIMCTOPXO3HBIM JIEHCTBUEM.

INTRODUCTION

Currently, opisthorchiasis remains one of the sig-
nificant social and medical challenges around the
world. The disease is characterized by long-term
course, frequent complications, and the develop-
ment of relapsing variants [1]. To date, the choice of
medicines for opisthorchiasis treatment is limited,
which decreased seriously the tolerability of drug
therapy, increased the risk of resistance of pathogens
as well as an emergence of side effects because of
unsatisfactory biopharmaceutical properties of med-
icines for opisthorchiasis therapy [2]. All the above
mentioned demand the urgency of search for novel
improved methods of therapy and effective drugs
against opisthorchiasis.

Hence, the studies that were carried out at the
Institute of Solid State Chemistry and Mechano-
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B 5TOM IUTaHe MPEACTAB/IAIOT UHTEPEC HAyUHbBIE
HCCE0OBAaHUA, TPOBOAUMbIE B MHCTUTYTE XUMUH
TBepaoro Tesa u Mmexanoxumuu (MXTTM) (HoBocu-
OUpCK), HampaBJIeHHbIE Ha COBEPIIEHCTBOBAHHE
(MoampUKaLNIO) y3Ke CYIIECTBYIOIINUX CPEACTB JJIsA
JIedeHUsI OMUCTOpPX03a. B WacTHOCTH, MCIIOJIb30Ba-
HUE MEeXaHOXHMHYECKOTO MeTOofa JJIS IMOJIyYeHUs
tBepabix auctepcuit (T/) anbenmazona (AJIB) co
BCIIOMOTATEJIbHBIMU BEIIECTBAMH, TAKUMH KaK pac-
TUTEJIbHbIE CATIOHWHBI U TOJIMCAXapUIbI, KOTOPbhIE
CrI0CcOOHBI 00PA30BHIBATH MEKMOJIEKYJISIPHBIE KOM-
IUIEKCHI ¥ MUTIEJUIBI. J[aHHBINA ITPOIECC COBMECTHOM
MeXaHOOOpabOTKH KOMIIOHEHTOB IPHUBOJUT K yBe-
JIMYEHHIO PACTBOPUMOCTH aKTUBHOH (apMarieBTh-
yeckod cybcrannuu (A®C) B BOJie U CHUIKEHHIO ee
TOKCHYECKHUX CBOHCTB [3—7]. Bbhuio ycraHOBIIEHO,
uro T[T AJIB ¢ apabunoranaktarnom (AT') u TJ] AJIB ¢
AKCTpakToM cosiofku (DC), moydeHHbIE MEXaHOXH-
MHUYECKUM TBEPAO(MAZHBIM METOJOM, IPOSBIISIOT
MTOBBIIIIEHHYIO PACTBOPUMOCTD B BOJIE IT0 CPABHEHUTO
C UCXOJHBIM JIEKAPCTBEHHBIM BEIECTBOM U SIBJIs-
IOTCSI TIEPCIEKTUBHBIMU KOMOWHAIMAMU C TOYKH
3peHuss pa3paboTku jexkapcTBeHHOU Gopmbl (JID)
OTEYEeCTBEHHOTO ITPOTHBOOIHCTOPXO3HOTO IIpemna-
para c¢ yiaydiieHHbIMU OnodapMaIeBTUIYeCKUMU
coricrBamu [8—11].

Pazpabotka JI® BriIOUaeT B cebs1 yCTaHOBJIEHUE
CTabUJIPHOCTH B MPOIECCE XPAHEHUs, TaK KaK JaH-
HBIE 10 HUCCIEI0BAHUI0 CTAOMIPHOCTH JIEKAPCTBEH-
HbIX cpenictB (JIC) MO3BOJISIOT TMPOU3BOJIUTEIIO
mozo0paTh YCJI0BHUs, O0ecreduBaIoide ero Cra-
OUIBHOCTD, BKJTIOUAS OIITUMAJIbHBIH COCTAB BCIIOMO-
raTeJbHBIX BEIECTB, CUCTEMY YIIAaKOBKH, PEKOMEH-
JIalliH 110 XpaHEHHUIo U CPOKy roguoctu JIC.

Takum 00pasoM, BBISBJIEHHE KAUECTBEHHBIX U
KOJINUECTBEHHBIX W3MEHEHUW, ITPOU3OIIENINX B
nporecce xpanenus B T/] AJIB, mosyyeHHBIX MeXaHO-
XUMUAYECKUM TBEPAODAZHBIM CHHTE30M, SIBJISIETCS
HEOOXOZMMBIM ACIIEKTOM JIJIS1 YCIIEIITHOTO CO3/TaHUs
JI® Ha UX OCHOBE, II0/I0OPA ONTHUMAJIBHOTO PEXUMa
XpaHEeHUsI ¥ IPOTHO3UPOBAHHS CPOKOB TOTHOCTH.

ITEJIb UCCJIEJIOBAHUSA

VccnenoBaHue cTaOMIBHOCTH TBEPABIX JHICIIED-
cuil anbeHsa301a, TOJIYYEHHBIX MeEXaHOXHMHYe-
CKUM TBepZ0da3HBIM CUHTE30M.

MATEPUAJIBI 1 METO/bI

B pa6ote ucnonnzoBanu A®C AJIb (Wuhan Dasen
Biotechnology Co., Ltd., Kuraii), 6esblii niu 6GeoBa-

! TocynmapcrBenHass ®apmakones PO, wuza. XV,
O®C.1.1.0026 AcIekTsl CTAaOUIBPHOCTH JIEKAPCTBEHHBIX
CPEeZICTB.

chemistry (ISSCM) (Novosibirsk) and were focused
on modification of already-existing medicines for
anti-opisthorchiasis therapy are promising. In par-
ticular, the use of the mechanochemical method for
obtaining solid dispersions (SDs) of albendazole
(ALB) with excipients such as saponins and polysac-
charides having the ability to form intermolecular
complexes and micelles. This process of joint
mechanical processing of components leads to an
increase in water-solubility of the active pharmaceu-
tical substance (APS) and a decrease in its toxic
properties [3—7]. It was found that SDs of ALB with
arabinogalactan (AG) and SDs of ALB with licorice
extract (LE) obtained by the mechanochemical solid-
phase method exhibit increased water-solubility
compared to the parent pharmaceutical substance
and are promising in terms of the development of a
dosage form of the domestic preparation against
opisthorchiasis with advanced biopharmaceutical
properties [8—11].

Development of a dosage form includes determi-
nation of storage stability as the medicine testing
data allow to select conditions ensuring the esti-
mated stability, and, specifically, the appropriate
composition of excipients, package, storage recom-
mendations, and shelf life'.

Thus, identification the qualitative and quantita-
tive changes, that occurred during storage in SDs of
ALB, obtained by mechanochemical solid-phase syn-
thesis, is a necessary aspect of successful develop-
ment of SDs of ALB-based medicines, selection of
appropriate storage conditions, and shelf life pre-
diction.

AIM OF THE RESEARCH

A study of the stability of SDs of ALB obtained by
mechanochemical solid-phase synthesis.

MATERIALS AND METHODS

We used the APS of ALB (Wuhan Dasen Biotech-
nology Co., Ltd., China), white or whitish crystal
powder. AG, amorphous beige-colored powder with
a 96,2% content of AG (Ametis, JSC, Russia, Specifi-
cation 9325-008-70692 152-08) and dry LE (brown
amorphous powder, content of glycyrrhizinic acid —
26,3%, Visterra, LLC, Russia, Specification 10.89.3-
016-20997969-2020) were used as excipients and
carriers.

A study of stability was performed for two series
SDs of ALB obtained by mechanochemical solid-

' The State Pharmacopoeia of the Russian Federation,
ed. XV, General Monograph.1.1.0026 Aspects of stability of
medicines.
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THIA KpUCTALINYECKUI NOPOIIOK. B kauecTBe Bemo-
MOTATEeJIbHBIX BEIECTB-HOCUTEJIEH  HCIIOIH30BAIHI
AT — amopHBI# TOPOIIOK GEKEBOTO I[BETA, C COZIEP-
sxkanneM AT 96,2 % (AO «Ametuc», Pocenst, TY 9325-
008-706092 152-08) m IC cyxod — KOPUYHEBHIU
aMOpGHBIA MOPOIIOK (comepKaHne TIUITUPPU3UHO-
BOM KuCJIOTHI 26,3 %, OO0 «Bucreppa», Poccus, TY
10.89.3-016-20997969-2020).

UccnenoBanus CTabWIBHOCTH MIPOBOJAWIN Ha
ZByx cepusax T/l AJIB, nosydyeHHBIX MeXaHOXUMUYe-
CKUM TBepAOda3HBIM CHHTE30M. TBepzple ucIep-
cuu AJIB ¢ AT ObLTH TTOJTyYeHbl B MACCOBBIX COOTHO-
IIeHUAX 1:5, 1:10, 1:20 IPU BpEMeHH MeXaHooOpa-
06oTKHU 2, 8, 24 u; T/ AJIB ¢ 9C — B MacCOBBIX COOTHO-
IIEHUsX 1:5, 1:10, 1:20 TIPU BpeMeHEeH! MeXaHooOpa-
6o0TKH 2, 8, 16 u.

Mopd010THI0 YacTUIl UCXOAHBIX CyOCTaHIIUNA U
T/ m3yyasu METOZOM CKaHUPYIOIIEH 3JIEKTPOHHON
MHUKPOCKONIINH C IIOMOIIBI0 MHUKpockona TM-1000
(Hitachi, Aoonmus).

KoHTposp konmuyecTBeHHOTO cojfiep:kaHus AJIb
MIPOBOAWJICA B KaXKJOU TOUKe KOHTDOJIS JKCIIEPH-
MEHTJILHOTO XPaHEHUsI MEeTOZ[0OM BBICOKOA(]dek-
TUBHOH KUJIKOCTHOU XpoMarorpaduu Ha XpoMaTo-
rpade Agilent Technologies 1200 Series (I'epmanus),
kostorka Zorbax Eclipse XDB-C18, 4,6 x150 MM (TeM-
meparypa KOJOHKH +30 °C, JIMOJHO-MaTPUYHBIN
JIETEKTOP), C HCIIOJIH30BAHHUEM METOJIUK, pas3pabo-
TaHHBIX aBTopamu paHee B UXTTM [5, 6]. Omnpene-
JleHHe KoJIm4decTBeHHoro cojepxkanuda AJIb B TJI
AJIDB ¢ AT': B Ka4uecTBe 3JII0eHTa IPUMEHSIN CUCTEMY
areToHUTpWII/anetatHbeii O6ydep pH 3,4, 40/60,
CKOPOCTh TIOTOKA 1 MJI/MHH, 00BEM MIPOOBI 5 MK,
JleTeKTUpoBaHue mpu 300 HM. HaBecky T/ (u3 pac-
yeTa 0,01 T 110 OCHOBHOMY BeII[ECTBY) PACTBOPSIN B
5 v qumetwicyiabdokenga (JIMCO), nanee uib-
TPOBJIN. AHAJIOTUYHO OIPEAESAIN KOJIUYECTBEH-
Hoe copepkanne AJIB B obpasmax T/l AJIb c¢ 3C.
Kounrenrpanuu AJIB omnpeesisiiu mo KaTuOopoBKaMm,
MOJIy4YeHHBIM /I CHEelHaJbHO IIPUTOTOBJIEHHBIX
pactBopoB AJIb B JIMCO. IIpu ycTraHOBJIEHUU CpOKa
TOZTHOCTH PYKOBOJCTBOBAINCH TpeboBaHusmu [P
XV O®C.1.1.0009.15 CpoKu TOHOCTU JIEKAPCTBEH-
HBIX CPEJICTB U BpeMeHHOU nHCTpYKIHeH M-42-2-82
[11—13]. CorslacHO MaHHBIM HOPMATHBHBIM JOKY-
MEHTaM OIpeJieJieHe CTaOMIBHOCTH BO3MOXKHO C
HCIIOJIb30BAHUEM METO/Ia «yCKOPEHHOTO CTapeHUs»,
OCHOBAHHOTO Ha 3akoHe BauT-I'oda, yeranasiusa-
OIIIETO 3aBUCHUMOCTD MKy CPOKOM I'OZJTHOCTH Bellle-
CTBa U TEMIEPATYPON XpaHEHHA HKCIEPHUMEHTATb-
HO¥ cepuu cyb6eranmuu. Bee o6pasiist T/ AJIB mome-
IaJIx B TepMocTaT cyxoBo3aymnsiid TC-1/80 CITY B
IUTACTUKOBBIX ITPOOUPKAX ¢ TPOOKOU MPH TeMIlepa-
Type 3KCIIepUMeHTaJIbHOro XpaHeHus 40 °C.

phase synthesis. SDs of ALB were obtained in a mass
ratio of 1:5, 1:10, 1:20 and machining duration of 2,
8,16 h.

Particle morphology of parent substances and
SDs was studied using scanning electron microscopy
on a TM-1000 microscope (Hitachi, Japan).

Control of quantitative content of ALB was car-
ried out at each time point during experimental stor-
age by high-performance liquid chromatography
(HPLC) system using an Agilent Technologies 1200
Series HPLC system, a Zorbax Eclipse XDB-C18 col-
umn, 4,6x150 MM (temperature +30°C, diode array
detector) and methods that were previously devel-
oped by the authors at the ISSCM [5, 6]. Quantitative
content of ALB in SDs of ALB with AG was detected
as follows: an eluent was a system of acetonitrile/
acetate buffer pH 3,4, 40/60, flow rate 1 ml/min, vol-
ume of the sample 5 pl, detection at 300 nm. Weighed
quantity of SDs (at the rate of 0,01 g by the main sub-
stance) was dissolved in 5 ml of dimethylsulfoxide
(DMSO) and then filtered. Quantitative content of
ALB in samples of SDs of ALB with LE was deter-
mined in the same manner. Concentration of ALB
was measured according to calibrations obtained for
special solutions of ALB in DMSO. When determin-
ing the shelf life, we were guided by requirements of
the State Pharmacopoeia of the Russian Federation,
ed. XV, General Monograph.1.1.0009.15 Shelf life of
medicines and Interim Instruction I-42-2-82 [11—
13]. According to these regulatory documents, stabil-
ity testing is possible using an accelerated stability
study based on the van’t Hoff’s rule, which estab-
lishes a relationship between shelf life of a substance
and storage temperature of an experimental sub-
stance batch. All samples of SDs of ALB were placed
into a TC-1/80 SPU temperature-controlled drying
oven in plastic test tubes with stoppers at a tempera-
ture of experimental storage of 40°C.

Shelf life at a storage temperature C is calculated
according to the formula (1):

Sl=Sl xK, (1

where Sl — shelf life; Sl — experimental Sl; K — the
concordance coefficient that is calculated according
to the formula (2):

K - A(Te—Ts)/lo, (2)

where A — the temperature coefficient of chemical
reaction velocity, set to 2; T, — temperature of exper-
imental storage; T, — storage temperature.

The storage temperature allowing to ensure the
specified shelf life C is calculated according to the
formula (3):

T, =T, +10/1gA x1g SI_/SL (3)
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Cpok rogHOCTH IIpu TeMmIleparype xpaHeHus C
paccuuTbiBaeTcs 1o popmyie (1):

C=C, xK, 6

rae C — cpok rognocty; C — 9KCIIEPUMEHTATbHBIN
cpok rogHoct; K — xoadduiiuesT cooTBeTCTBUS,
KOTOPBIN pacCUUThIBaETCA 1Mo hopmyJie (2):

K - A(Ta—Txp)/lo s (2)

rae A — temieparypHbiii K03d@UIIMEHT CKOPOCTH
XUMHMYECKOH PeaKIMu, IPUHAT paBHbIM 2; T — Tem-
neparypa SKCIepUMeHTalbHOro xpanenus; T = —
TeMIlepaTypa XpaHeHUsl.

TemmepaTypy,  HO3BOJIAIOIIYI0  00eCHEeYNTh
3aIaHHBIN CPOK TrofHOCTH C, pacCUUTHIBAIOT 110 HOP-
mye (3):

TXp =T +10/1gA x 1gC /C. (3)

PE3YJ/IBTATDBI 1 OBCY KAEHWUE

XapakTep NOBEPXHOCTH YaCTHUI], a TaKKe pas-
JMYHOTO poja AedopMaIuy, ITPOUCXOJAIINE C
YacTUIlaMi BO BpeMs MexaHo0OpaboTKH, 00yCII0B-
JINBAIOT U3MeHeHNe (PUBUKO-XUMUUIECKUX U TEXHO-
Joruueckux cBorctB T/ u, ciieqoBaTeIbHO, OKa3bI-
BAIOT BJIMSHUE HA UX CTAOMIBHOCTD B IIPOIECCEe Xpa-
HeHUA. [I11 KauecTBEHHON OIEHKH M IIOJIyYeHUs
00IIero TpeJICTaBJIEHUs] O BHEIIHHUX IIPU3HAKaX
HCCIIe/lyeMbIX HMCXOJIHBIX BelmecTB u ux TJ[ Obuia
n3ydyeHa MoOpPQOJIOTUS OTAEJbHBIX YaCTUIl 70 U
IIOCJIE COBMECTHOM MeXaHOOOpabOTKHU.

Cybcraunus AI' mmeeT yacTuipl chepudeckou
¢opwmsbl, pasmepamu 70 100 MKM, ¢ BHYTPEHHHUMH
IOpaMy PA3JIMYHOTO JAMaMeTpa, Takke HabJoza-
eTcsA YaCTUYHOE IIOBpEe’KJleHue IOBEPXHOCTH HEKO-
Topbix yactull. Yactunsl IC numerorT GopmMmy MHOTO-
TPAHHUKOB, C OCTPBIMU yIJIaMHd U H3JI0OMaMU Ha
IIOBEPXHOCTH, pa3Mepsl 10 300 MkM. Hacruipsl AJIb
3HAYNUTEJIbHO MeHblIle 110 Pa3Mepy 10 CPaBHEHUIO C
CyOCTaHITUAMHU-HOCUTENAMU (10 30 HM) M HUMEIOT
yemyiiuatoe crpoenmue (puc. 1). PopmumpoBaHue
[IepevyrcIeHHbIX MOPQOJIOTHYECKUX O0COOeHHOCTeH
HUCXOIHBIX CyOCTaHIIMH 00YCIOBJIEHO TEXHOJIOTHYE-
CKUMU OIIePAINsAMU, KOTOPBIE MaTEPUAJI IIpeTepIe-
BaeT II0 Mepe ero U3rOTOBJIEHUA.

[MTocie mexanoxuMuueckoi o6paborku T/ AJIB ¢
AT mpencTaBisioT cob60i cBeTI0-6exxeBble aMOpdh-
HbIEe TIOPOIITKH, Oe3 3amaxa, T/] AJIb ¢ 9C — TemHO-
OexkeBble aMOpGHBIE IMOPOIIKH, C XapaKTEPHBIM
3amaxom conoaku. Bee ucenenyemsie T/ — 3T0 mosiu-
ZICIIEPCHBIE IOPOIIKY ¢ HECUMMEeTPHUYHBIMU YaCTH-
[IaMu ocKoJbuaTou ¢popmbl. HabmomaeTcs siByieHne
arperanuu yactur;, AJIB Bokpyr 6osiee KpyIHBIX
vacturl AT’ u 3C (puc. 2). C yBesiMueHHEM IIPOZ0JI-

RESULTS AND DISCUSSION

The nature of the particle surface, as well as dif-
ferent types of deformations that particles undergo
during machining, determine the change of physico-
chemical and technological properties of SDs, and,
hence, affect their stability during storage. For quali-
tative assessment and to get a basic idea about exter-
nal characteristics of the parent substances studied
and their SDs, the morphology of individual particles
before and after machining was examined.

The substance of AG has particles of a spherical
shape, measuring up to 100 pum, with internal pours
of different diameter. Also, partial damage to the
surface of some particles is observed. Particles of LE
have the shape of polyhedrons with acute angles and
fractures on the surface, up to 300 um in size. Parti-
cles of ALB are significantly smaller compared to
those of substances-carriers (up to 30 nm) and have
a flake-scale structure (Fig. 1). The occurrence of the
above mentioned morphological features of the par-
ent substances is determined by technological opera-
tions which the material undergoes during its manu-
facturing.

Following the machining, SDs of ALB with AG
have the form of light-beige amorphous odorless
powders, SDs of ALB with LE — dark-beige amor-
phous powders, with characteristic licorice odor. All
SDs studied are polydisperse powders with asym-
metric splint-shaped particles. Aggregation of parti-
cles of ALB around larger particles of AG and LE is
noted (Fig. 1). With an increase in machining dura-
tion, the volume of the fine fraction of SDs grows, but
visible differences in particle sizes of the active sub-
stance and the carrier remain.

The mechanochemical method of SDs production
is characterized by plastic deformation, which leads
to the formation of a new free surface, an increase in
internal stress, and contributes to the appearance of
microcracks. As the time is extended, the developing
crazing process and a potential growth of micro-
cracks causes the risk of physical destruction of solid
particles during storage. However, the results of
microscopic examination of SDs of ALB following
the accelerated ageing study do not show significant
changes in the particle morphology.

The results of the assessment by the description
parameter showed that the organoleptic properties
such us color, odor and amorphicity remain the
same before the termination of experimental stor-
age time.

While studying the quantity parameter of the ALB
SD stability as a part of the accelerated ageing
6-month experiment, the content of ALB in SDs was
controlled at 3 time points (T, T, T,) — at the start
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TM-1000_5132 L D36 x150 500 um

600 100 um

TM-1000_5126

Puc. 1. Dy1eKTpOHHO-MUKpOCcKonnueckre ¢poTorpaduu HCXOAHBIX CyOCTaHINE apabrHorasakTaHa (A)
(yBesuueHme x150), CyXOro aKcTpakTa cosoaku (B) (yBenuuenue x600) u ambennasona (C) (yBesnueHue x600)
Fig. 1. Electron microscopy images of parent substances of arabinogalactan (A) (magnification x150),
dry licorice extract (b) (magnification x600) and albendazole (C) (magnification x600)

TM-1000_4719

TM-1000_4699

A° - e
TM-1000_4703

D40 x600 100 um

Puc. 2. Dy1eKTpOHHO-MHUKpOCKonnyeckue potorpaduu TBepabix aucnepenii (T/T) anbenaazona (AJIB) 10 «yCKOPEHHOTO
crapenusi» (yBesnmuenue x600): A — T/ AJIB + apabunoranakras (AT) 1:5, 2 u; B — T/T AJIb + AT 1:5, 8 u; C — T/T AJIb +
AT 1:5, 24 u; D — TIT AJIB + akcrpakt conogku (9C) 1:5, 2 u; E — T/J AJIB + 3C 1:5, 8 u; F — T/T AJIb + 3C 1:5, 16 u
Fig. 2. Electron microscopy images of solid dispersions (SDs) of albendazole (ALB) before the accelerated ageing study
(magnification x600): A — SDs of ALB + arabinogalactan (AG) 1:5, 2 h; B — SDs of ALB + AG 1:5, 8 h;

C — SDs of ALB + AG 1:5, 24 h; D — SDs of ALB + licorice extract (LE) 1:5, 2 h; E — SDs of ALB + LE 1:5, 8 h;
F—-SDsof ALB + LE 1:5,16 h

JKUTEJIBHOCTH BPEMEHH MeXaHOOOpabOTKH cojiep-
’)KaHUe MeJKoaucnepcHoi ¢ppakuuu B T/I yBennyu-
BaeTcs, HO BUJIUMblE Pa3/INdus B pa3Mepax YacTHUI|
JIEHCTBYIOIIETO BENIECTBA ¥ HOCHUTEJIS COXPAHAIOTCA.

MexaHOXUMHUUYECKUH crocob mosydeHuss TJJ
XapaKTepus3yeTcs IIaCTHYeCKol iedhopmariyeit, 9to
IIpUBOAUT K OOpa30BaHUIO HOBOH CBOOOZHOM
[IOBEPXHOCTH, YBEJINUEHUIO BHYTPEHHETO HAIIPsIKe-
HUSI YaCTHUI[ W CHOCOOCTBYeT BO3HHUKHOBEHHIO

of the study, after 3 months, and at the end of the
study (o, 3 and 6 months, respectively). The results
of stability of ALB testing expressed as a percentage
of the content of ALB, found using high-performance

2 The State Pharmacopoeia of the Russian Federation,
ed. XV, General Monograph. 1.1.0009.18 Stability and
shelf life of medicines.
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D53 x600 100 um

TM-1000_2416 D53 x600 100 um

D54 x600 100 um

D54 x600 100 um

TM-1000_2438

Puc. 3. DyIeKTpOHHO-MHUKpOCKonnyueckue dhoTtorpabuu TBepabix auctepcuii (T/I) anbenmazosna (AJIB)

TI0CJIe «YCKOPEHHOTO cTapenus» (yBesnuenue x600): A — T AJIB + apabunoranakras (AT) 1:5, 2 u; B — T/] AJIB + AT
1:5, 8 u; C— TJ] AJIB + AT 1:5, 24 u; D — T/ AJIB + skcrpaxkr cosonku (9C) 1:5, 2 u; E — T/ AJIBb + 3C 1:5, 8 u;
F-TJI AJIB + 9C 1:5,16 1
Fig. 3. Electron microscopy images of solid dispersions (SDs) of albendazole (ALB) following the accelerated ageing study
(magnification x600): A — SDs of ALB + arabinogalactan (AG) 1:5, 2 h; B — SDs of ALB + AG 1:5, 8 h;

C — SDs of ALB + AG 1:5, 24 h; D — SDs of ALB + licorice extract (LE) 1:5, 2 h; E — SDs of ALB + LE 1:5, 8 h;
F-SDsof ALB+ LE1:5,16 h

MUKpOTpeluH. Pa3BuTtue mporecca oOpasoBaHUs
TPEelINH U UX HOTEeHIIUAIBHBIA POCT IO UCTEYEHUIO
BpeMeHH 00YCJIOBJIUBAET PUCK (PUBUUECKOTO pPa3py-
IIeHNUs TBep/IbIX YacTHUI[ B IIpollecce XpaHEeHUs.
OpHaKo pe3yJbTaThl MUKPOCKOIIMYECKUX HCCIIENI0-
Banuil T/ AJIb mocyie «yCKOPEHHOTO CTapeHus» He
BBISIBIJIM 3HAUYUTEJIBHBIX W3MEHEHHH B MOP(dOII0-
ruu yactut (puc. 3).

Pe3ysbTaThl OIIEHKU II0 ITapaMeTpy «OIUCAHHUE»
MOKa3aJii, 4YTO OpraHoyientTuuyeckue cporictBa TJI
AJIB, Takue kKak IIBET, 3amax U aMOpP(HOCTh, OCTa-
I0TCA HEU3MEHHBIMH /0 OKOHYaHHUsA CPOKOB KOH-
TPOJIs BKCIIEPUMEHTAIBHOTO XpaHEeHU .

IIpy wu3ydyeHHMU KOJIWUYECTBEHHOTO IlapameTpa
crabwipHOCTH T/l AJIB B yCJIOBUAX YCKOPEHHBIX
HCIIBITAHUH IPOJIO/IKUTEIHHOCTHIO 6 MeC KOHTPOJIb
cozpepxxanusa AJIB B T/l mpoBoauiica B 3 BpEMEeHHBIX
toukax (T, T, T,) — B Hauase, yepe3 3 MeC U IpU
3aBepIllleHNH HUCHbITaHuil (0, 3 U 6 Mec COOTBET-
CTBEHHO)? B Tab1. 1 IpUBeEHBI PE3yIbTaThI HCCIIe-
JloBaHUA «coxpaHHocTu» AJID, BbIpaskeHHbIe B IIPO-

2 TocymapctBennas ®apmaxonesa PO, wuzg. XV,
O®C.1.1.0009.18 CTabWJIBHOCTE U CPOKH TOJHOCTH
JIEeKapCTBEHHBIX CPEJICTB.

liquid chromatography, to the estimated count of
ALB relative to the initial composition of SDs.

The results of the stability evaluation of SDs of
ALB samples demonstrate that degradation of the
APS at the lapse of 6 months was not observed.
Besides, it was revealed that such parameters as a
value of mass ratio of an active substance to a carrier
and machining duration do not influence on storage
stability of SDs.

As SDs of ALB exhibit stability during a 182-day
experimental storage, the concordance coefficient K
according to the van’t Hoff’s rule is:

K = glo-20/10= 4
Hence, shelf life is equal:
C =4 x 182 = 728 days (2 years).
The storage temperature allowing to provide the
specified shelf life is equal:
T =40 +10/1g2 x 1g182/728 = 20°C.

Thus, SDs of ALB obtained by mechanochemical
solid-phase synthesis remain stable during the whole
shelf life.
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Ta6smmua 1. Pe3ynbraTs! onpe/ie/ieHUs CTabUIbHOCTH aJ10eH/1a30J1a B TBEPAbBIX JUCIEPCUSAX METO/L0M «YCKOPEHHOTO

CTapeHus»

Table 1. The results of evaluation of stability of solid dispersions of albendazole obtained during the accelerated ageing study

| (S ———— KoHneHTpanus CoxpaHHOCTBb aJIGeHAa30.1a, %
O6paser, PO an6eHpgasouna, r/ia  Stability of albendazole, %
S MeXaHO06pPa6OTKH, 4 .
ample Machining duration. h Concentration of T T
g ’ albendazole, g/1 0 1 2
At p (1:5) 2 0,174 99 98 98
JI6eH/1a30J1 + apabuHorasiakTas (1:
Albendazole + arabinogalactan (1:5) 8 0,186 100 100 100
24 0,134 99 100 98
At p (1:10) 2 0,095 100 99 97
JI6eH1a30J1 + apabuHoratakTaH (1:
Albendazole + arabinogalactan (1:10) 8 0123 99 99 99
24 0,071 100 98 98
A p (1:20) 2 0,032 99 98 98
JI6eH1a30J1 + apabuHoratakTtaH (1:
Albendazole + arabinogalactan (1:20) 8 0,062 98 99 98
24 0,048 100 99 99
At (1:5) 2 0,128 99 99 98
JI6EH/1a30J1 + 9KCTPAKT cosoaku (1:
Albendazole + licorice extract (1:5) E1;6 8,12471 ;(())0 ?ﬁo 32
At (1:10) 2 0,115 100 100 100
JIGEH/1a30J1 + 3KCTPAKT coyiofku (1:
Albendazole + licorice extract (1:10) £1;6 3'23(7) 32 32 32
AnG (1:20) 2 0,078 99 99 98
JIGEH/1A30J1 + SKCTPAKT cooAKH (1:
Albendazole + licorice extract (1:20) ?6 8’333 188 138 188

I[EHTHOM COOTHOIIIEHUHN OOHApY>KEHHOTO ¢ IpUMe-
HeHueM BIKX konmuecrBa AJIb k pacueTHOMY,
OTHOCUTEJbHO HavaJibHOTO cocTaBa T/I.

PesysibTaThl OIIEHKH COXpaHHOCTH 00pasios T/
AJIb 1eMOHCTPUPYIOT, YTO JAETpaJlalliid aKTUBHOTO
JIeACTBYIOIIETO BEIIECTBA TI0 UCTEUEHUN 6 MeCsIEeB
He HaOmoaercsa. Kpome TOro, BBISIBIIEHO, UTO TaKue
(akTOppl, KaK BeJIMYMHA MACCOBOTO COOTHOIIEHUSA
JIeACTBYIOIIETO BEIIECTBA K HOCUTEITIO U IIPOJOJIKHU-
TEJIPHOCTh MEXaHOOOpabOTKM, He BJIUSIOT Ha CTa-
6wtbHOCTD T/I B IpoIiecce XpaHeHUs.

ITockosbky T/ AJIB ocratorcsi cTaOUIBHBIMHU B
TeuyeHHe 182 CyT SKCIepHMEeHTaJIbHOTO XpaHeHUH,
ko2 duruenT coorsercTBuA K coriacHo mpaBuiy
BanT-T'odda cocrasmser:

K = o@o-20)/10 — 4.
CietoBaTeIbHO, CPOK TOTHOCTH PaBEH:
C =4 x 182 =728 ¢yt (2 roza).
TemmepaTypa XpaHeHUs1, TO3BOJIAIOMAsA obecrie-
qUTHb yCTaHOBHeHHbIﬁ CPOK I'OAHOCTH, COCTABJIACT:
T, =40 +10/lg2 x 1g182/728 = 20 °C.

Takum o6paszom, T/ AJIB, mosyueHHbIE MEXaHO-
XUMUYECKUM TBep/Ioha3HbBIM CHHTE30M, OCTAIOTCS
CTaOWIbHBIMU B TEUEHHE CPOKA XPAHEHUS.

CONCLUSION

The stability of SDs of ALB with AG and SDs of
ALB with LE in different mass ratios and at different
machining duration using an accelerated ageing
study was investigated.

Deformations of particle surfaces that develop
during obtaining SDs do not lead to disintegration of
solid disperse complexes over the experimental stor-
age time. It was revealed that a mass ratio of ALB to
a carrier and machining duration do not influence on
the stability of the APS.

The estimated shelf life of SDs of ALB studied is
2 years, storage temperature is 20°C. Stability stud-
ies of SDs of ALB are underway.

Conflict of interest. The authors declare no
conflict of interest.

SAK/IIOYUEHWE

B xoz1e uccieqoBaHus ¢ KCII0JIb30BaHUEM METOIa
«YCKOPEHHOI'O CTapeHusi» OblIa U3ydeHa CTaOWIb-
HocTh T[T AJIB ¢ AT u T/T AJIB ¢ 9C B pa3HbIX Macco-
BBIX COOTHOIIIEHUSAX U C PA3JIUYHOHN MIPOJOJIKUTEITb-
HOCTBIO MEXaHOOOPaOOTKH.
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Hedopmanyy MOBEPXHOCTH YaCTHUII, BO3ZHUKAIO-

1ue B mpoiiecce nosydenud T/l, He IPUBOJAT K pas-
PYLIEHUIO TBEPABIX JIHCIEPCHBIX KOMILIEKCOB C
TeueHHeM BpeMeHU SKCIePHMEHTAJIBHOTO XpaHe-
HUA. YCTAaHOBJIEHO, YTO BeJIMYKMHA MacCOBOTO COOT-
HoteHusA AJIB K HOCUTEIIO U TIPOIOJKUTETBLHOCTD
MeXaHOOOpaOOTKM He OKa3bIBAIOT BJIMAHUS Ha
COXPaHHOCTh OCHOBHOT'O JIEHCTBYIOIIETO BEIECTBA.
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Oco0eHHOCTH aMOy/IaTOPHOM Kypanuu nanmueHToB ¢ UBC
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*@I'BOY BO «/[oHeyxull 2ocydapcmeerHblil meduuyuHckuil yHugepcumem umeru M. I'opvkozo» Munzdpasa Poccuu,
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AHHOTAIIMA

BBepngeHwue. YMyKUNH U KeHIIUH uiieMudeckas 6osiesus cepzna (MBC) nmporekaer mo-pazuomy. B riesiom nanHas
mpo6JieMa u3yueHa HeJIOCTATOYHO, XOTs IOHNMaHue 0COOEHHOCTEH TeUeHUsI ATOTO 3260J1€BaHUS MOKET IOMOYb CKOPPEK-
THUPOBATD MOAXOJ, K €r0 JUATHOCTHUKE U PAHHEMY BBISIBJIEHUIO, UTO YJIYUIIUT IIPOTHO3 JIJIsI MAI[E€HTOB.

IT e 51 b . BorABUTH KIMHUYECKUE 0cobOeHHOCTH TeueHus IBC 1 cTaTUCTUYECKH 3HAYNMBbIE OTIINYIUSA OKUJAEMBIX ITPOSIB-
snenuii BC y mariueHTOB pa3HOTo [0J1a Ha JIOTOCIUTAILHOM (aMOyJIaTOPHOM) TaTle.

MaTepuanb U MeTOoJB5l . lIpoBeseH aHanu3 aMOyIaTOPHBIX KapT U3 apxXuBa Y4eOHO-HAYIHO-Ie4eOHOTr0o
KoMILJIeKca (YHHBEpCUTETCKAs KJIMHNUKA) JJOHEIKOro rocyJapcTBEHHOTO MeAUIIMHCKOro yHUBepcuTeTa uM. M. I'oppkoro
120 MY»KYHH U 110 XKeHIINH C JUAaTHO30M «HIIeMudeckas 60Je3Hb cep/ilia», IOCTaBJIeHHBIM B IIepHO/L ¢ UIOHA 110 JleKaObpb
2024 r. OneHUBAINCH CIIEAyIONUe TTOKasarean: Bospact, craxk MBC, mannbie sxokapauorpaduu (9xoKT) (dpakius
BBIOpOCa), asekrpokapauorpadun (AKI) /X0aTepOBCKOrO MOHHUTOPUPOBAHUS, OHOXMMUYECKOTO aHAIN3a KPOBH, HAJIH-
Yre COIYTCTBYIOIIEH maTtooruu (0KupeHue, caxapHbli Auaber, TunepToHnYecKas 60JIe3Hb), IeEpeHeCEHHOTO HHpapKTa
muokapaa (M), mepeHeceHHbIX BMEIIaTETbCTB.

PesyunbTar sl . [lpucpaBHeHNH JAaHHBIX TPYIII OBLIIU BBIABJIEHBI IOCTOBEPHBIE Pa3Inyus B Bo3pacre, craxke 11BC:
B cpenHeM y My:kunH MBC quarHoctupoBaiach paHblie, a ctaxk UBC 6bu1 6osbie. He 6bLIO CTATUCTUYECKH 3HAUMMBIX
OTJINYUH B MTOKa3aTeJIsAX TeMOIUHAMUKY 110 JJaHHBIM DX0KI', 01HaKO y GOJIBIIMHCTBA MAIUEeHTOB OBLIN BHISBJIEHBI IPH-
3HAKH HIIEMHYECKOTO PeMOJIeInpoBaHus yieBoro kemynouka (JDK) (unzmekc maccsl muokapga JOK Gosnee 120 r/m2y
150 nmanuerToB). [To nanHbpIM DKI'/X0ITEPOBCKOTO MOHUTOPUPOBAHHUS ObLTH BBIABJIEHBI JOCTOBEPHBIE PAZINYUS 110 KOJIH-
YEeCTBY MMAIIUEHTOB C JUATHOCTUPOBAHHOHN aTPUOBEHTPUKY/IAPHOU (AB) 6s10Ka/101: 60 Y KEHIIUH U 30 Y MY>KUUH, TPUYEM
y My>KYUH BO BcexX cyIydasx ObLia nmosHas AB-6s10kazia, BejlecTBHE Yero UM ObLI UMIIJIAHTUPOBAH KapAUOCTUMYJLATOD, Y
JKEHIUH ke mpeobianana AB-6o0kazia 1-ii cTerneHu. BBISBIEHB CTATUCTUUECKU 3HAYUMBbIE PA3IUUHUA B JOCTHIKEHUH
IIeJIEBBIX 3HAYEHU! X0JIECTEPHHA JINTIOIPOTENHOB HU3KOH IIJIOTHOCTH (J17151 Beex marueHToB ¢ UBC — MeHee 1,4 MMOJIb/J):
67 % y »keHIUH poTuB 38 % y My>kuuH (p < 0,05). Cpenu My>k4uuH 66110 O0stbie nepeHecinx UM (40 IPOTHUB 10 Y KeH-
muH). OTKpbITas KOPOHAPHAs PeBACKy/LApU3anusa 1o moBoxy MBC (MHOrococyucToe mopakeHue/IopakeHHe YCThs
JIEBOM KOPOHAPHOU apTepuu) ObLIa BHITIOJIHEHA 50 MyKIHHAM. B TpyIIIie 3KeHIIIH GbLIO BHIIIOJIHEHO 20 OTKPHITHIX KOPO-
HapHBIX peBacKyIApu3anui (p = 0,01), IPU 5TOM B IPYIIIe )KeHIIUH 3HAYUTEIBHO Yallle BBIIOTHAIACH S3HI0BACKYJIIPHAs
peBackysapu3aius. Y My»KUUH JUATHOCTUPOBAIN 3-1 GYHKITHOHAIBHBIN K1ace mo NYHA, y »KeHIIIHBI — 2-H KJ1acc.
3axkinwueHH e . UBC pa3BuBaercs y My>KUlH B CPeJIHEM Ha 5—7 JIET PAHBIIIE, IIPU 3TOM Y My>KYUH ropas/io yalie B
aHamHe3e umeercs nepeneceHHbii M. C yBesimuenuem crazka BC pacter u 06’beM MOpaskeHus KOpOHAPHOTO pyca, a
TakKe IPOrPeCCUPYET IOPaKEHHeE JIPYTUX MaruCTPAIbHBIX COCY/IOB, B YACTHOCTH, OpaxuonedanbHbIX, B CBA3H C YeM YaIle
puberaioT K OTKPBITOH peBaCKy/IsApU3AIUNU MUOKapZAa. JJaHHAs TeHAEeHIHs OTMedaeTcss B OCHOBHOM y My»KUMH. Myx-
YUHBI UMeIOT 60stee BbIcoKH Kitacc XCH, 4TO MOKeT OBbITh CBA3aHO KaK ¢ GOIBIINM KOJIMYECTBOM COILYTCTBYIOIIMX aTO-
JIOTUH Y OCJIOKHEHHH, TaK U ¢ 60apmum crazkem NBC.

Kaoueswle caoea: niieMuueckasi 60J€3Hb CepAIla, 0COOEHHOCTU TeYEHUsT CTEHOKAP/IUY Y MY>KUUH U YKEHIIIVH.

Oo6pasen nmurtupoBanua: bposa I0.A., Apomenko JI.A. OcobeHHOCTH aMOyJIaTOPHON KypaIiy IaIfieHTOB
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Features of the outpatient management in ischemic heart disease
Yu.A. Brova 2, L.A. Yaroshenko!

‘Donetsk State Medical University named after M. Gorky, Donetsk, Russia

2University clinic, Donetsk State Medical University named after M. Gorky, Donetsk, Russia

ABSTRACT

Introduction. Peculiarities of the ischemic heart disease (IHD) course are different in men and women. In
general, this problem is not studied enough; however, understanding the specific features of the disease can help to adjust
the approach to its diagnosis and early detection, which will improve the prognosis for patients.

A i m . To find peculiarities of the course of IHD and statistically significant differences in the expected manifestations of
THD in female and male outpatients.

Materials and methods. An analysis of outpatient medical records of 120 men and 110 women with
IHD diagnosed between June and December 2024, retrieved from the archive of the University Clinic of Donetsk State
Medical University named after M. Gorky, was performed. The following parameters were assessed: age; IHD duration;
results of echocardiography (EchoCG) (ejection fraction), electrocardiography (ECG) / Holter monitoring, blood biochem-
istry; comorbidities (obesity, diabetes mellitus, hypertension), history of myocardial infarction (MI) and interventions.

R e s ults.Whencomparing these groups, significant differences were found in the age and duration of IHD: on aver-
age, men were diagnosed with IHD earlier and the IHD history was longer. There were no statistically significant differ-
ences in hemodynamic parameters according to EchoCG data, but most patients had signs of left ventricular (LV) remodel-
ing (LV mass index over 120 g/m? had 150 patients). According to ECG/Holter monitoring data, significant differences
were found in the number of patients with diagnosed atrioventricular (AV) block: 60 in women and 30 in men, and in all
cases men had complete AV block, as a result, they were implanted with pacemakers; while in women, the 1st degree AV
blockade prevailed. Statistically significant differences were found in achieving the low-density lipoprotein cholesterol
targets (for all patients with IHD <1,4 mmol / 1): 67% in women vs. 38% in men (p < 0,05). There were more people with a
history of MI among men (40 vs. 10 in women). Open coronary revascularization for THD (multivessel disease / left coro-
nary artery ostium involvement) was performed in 50 men. In the group of women, 20 coronary revascularizations were
performed (p = 0,01), and endovascular revascularization was performed significantly more often in this group. Men were
diagnosed with NYHA class III, and women — with class II.

Conclusion.IHDdevelopsin men on average 5—7 years earlier, and men are much more likely to have a history
of MI. With an increase in duration of IHD, the volume of coronary lesions also grows, as well as lesions of other main ves-
sels, in particular, brachiocephalic arteries, progresses, therefore, the open myocardial revascularization is more often
used. This trend is observed mainly in men. Men have a higher class of CHF, which may be associated with both a greater
number of comorbidities and complications, and a longer duration of IHD.

Keywords: ischemic heart disease, features of angina in men and women.

Citation example: Brova Yu.A., Yaroshenko L.A. Features of the outpatient management in ischemic heart
disease. Journal of Siberian Medical Sciences. 2025;9(2):54-62. DOI: 10.31549/2542-1174-2025-9-2-54-62

BBEJAEHUE

Hecmotpss Ha TO, YTO HIIEMUYECKyI0 0OJI€3Hb
cepana (MBC) HEKOTOPBIE aBTOPHI HA3bIBAIOT « MY3K-
CKOM 60J1€3HBIO» [1], a My?>KCKOH IT10JI ABJISIETCS He3a-
BuCHMBIM (akTopoMm pucka pazsurus UBC [2, 3], ¢
yBEJIMUEHNEM IIPOJIOJDKUTEJBHOCTH JKU3HU U
pocToM umrcaa KOMOPOUIHBIX MAIlMEHTOB PAcTeT U
KoJmndecTBo keHIuH ¢ UBC.

U3BecTHO, uTo TeueHue BC oTinuaercs y My»-
YWH U KEHIIUH. B 1esoM manHas npobiiema usy-
YeHa He JIOCTaTOYHO XOPOIIO, TOTZIa KaK y4yeT r'eH-
ZepHbIX ocobeHHOocTel Teuenns VIBC MokeT HOMOYb
CKOPPEKTHUPOBATh MOAXOJIBI K JIMAarHOCTUKE M paH-

INTRODUCTION

Despite the fact that ischemic heart disease (IHD)
is called a male disease by some authors [1], and
male gender is an independent risk factor for IHD [2,
3], with increasing life expectancy and the number of
comorbid patients, the number of women with IHD
is also growing.

It is known that the course of IHD differs in men
and women. In general, this problem is not well enough
studied, while taking into account the gender charac-
teristics of the IHD course can help to adjust approaches
to diagnosis and early detection of this disease, which
will improve the prognosis for patients [4].
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HEMY BBISIBJIEHHUIO JAHHOTO 3a00JI€BaHUsI, UTO YIyd-
[IUAT IIPOTHO3 /IJIS TTAITHEHTOB [4].

B nuTepaType He Tak MHOTO PaboT, MOCBSAIIEH-
HBIX aHAIU3y TeHnepHbix ocobenHocrerr BC. Ecth
paboThl, B KOTOPHIX CPAaBHUBAIOTCS OCOOEHHOCTHU
TedeHUsA W remoguHamuka nipu UBC y aunm myx-
CKOTO U 3KeHCKOoro moJsia. OcHOBHBIE (AKTOPHI, IO
KOTOPBIM CPaBHHUBAIOT JJaHHbIE IPYIIIIBI: 1) BO3PACT,
2) KypeHue, 3) OKUpPEHHe, 4) exxeqHeBHas Gpusnde-
cKasg aKTUBHOCTb, 5) MHapKT mMuokapaa (MUM) B
aHamHe3e, 6) HapyIlIeHUsI PUTMa U MPOBOIUMOCTH,
7) ¢paxkmus BeiOpoca (PB) JieBoro :keymodka,
8) npuBep:keHHOCTH Tepanuu [3—6].

Bospact: paHee cuMTaIOCh, UTO Yy MYXKUHUH
ropaszno passbiie BoisABisierca IBC BHe 3aBucumo-
CTU OT TeueHUs (OCTPHIA KOPOHAPHBIA CHHAPOM
(octpriit UM), IM, a Tak:ke CKpBITast CTEHOKAP/IHs)
[5], omHaKO ¢ yBenMUeHHWEM MPOJOJIKUTETHBHOCTU
’)KU3HU KapTuHa udMeHunach. Okazasnock, utro UBC
IopakaeT BceX IAIMeHTOB BHE 3aBUCUMOCTH OT
1I0J1a, XOTS €CThb OIlpejieJiIeHHble BO3pPACTHBIE OCO-
OeHHOCTH: TIOC/IE 50 JieT y skeHIuH MBC pasBuBa-
ercs ropaszo uaie (64 % mporus 32 %) [6], B TO
BpeMsI Kak 10 50 JIET CUTyalus oOpaTHas — IpH-
MepHO 60 % marueHTOB ¢ BbIssBieHHOU KWBC —
MY>KUHHBI.

KypeHnmne u oxupeHue: BHe 3aBUCUMOCTU OT BO3-
pacra xKypeHue Kak (aKTOp PHICKA BCTpPEYAETCA Y
98 % wmyxumH. OXHUpeHUEe B KadecTBe (pakTopa
PHCKa paclpesiesieHO y My>X4uH U KeHIuH ¢ UBC
IIpUMEPHO paBHOMEPHO (0T 42 710 30 %) [1].

ExxenHeBHas pusmyeckas akTUBHOCTD Y MYKUMH
BBIIIIE, YEM Y 3KEHIIUH (60 IpOTUB 40 %) [6].

VM pasBuBaeTrcd ropaszi0 paHblle y My:KUYHH,
IIpU 3TOM OTMeYaeTcs TeHAEHIHsA MaHHudecTaruu
NBC umenno ¢ IM; cmepTHOCTE OT UM Tak:Ke BbIlIe
y My:K4uH. JIJIA KEHIIUH XapaKTepHO OoJiee JTu-
TeJIbHOE TeueHue crabuiabuoii UBC, mpealecTByio-
mert UM, «arunumyHas» kaptuHa WM, a Takke
YaCThIUA TIEPEXOJ OCTPOU CEPAEUHOUN HEJIOCTATOUHO-
CTH B XPOHUYECKYIO [4, 7].

Hapymienusa putMma u npoBogumMmoctu nipu UBC
3HAYUTEJIBHO 4Yallle BCTPEUAIOTCA Y JKEHIUH
(88 mpotus 58 %) [6].

Takue ¢aktopbl, kak OB, 00beM mHoOpakeHU
kopoHapHoro pycjia mo SYNTAX, npuBep:KeHHOCTh
Ha3HAUYEHHOHW Tepamuu, MO-BUAUMOMY, SBJISIOTCS
He3aBUCUMBIMU U 00ycsioBiuBaioTes crazkem NUBC.
EcTb pa3Hble JJaHHBIE O IPUBEPIKEHHOCTHU JIEYEHHUIO.
Taxk, B uccmemoBanuu N. Girerd et al. gosst my>kunH,
COOJTIOAIOIINX PEKUM U CXeMY TEPAIIHUU, COCTABIIIA
60 %, a »KEeHIIH — JINIIb 45 % [8].

Tak win nHaYe, He CUUTAS CJIyJYaeB BIIEPBHIE BO3-
HUKIIIEH CTEeHOKApAU¥, KOTOpass MaHHU(EeCTUpPYyeT

There are not many works in the literature
devoted to the analysis of IHD gender characteris-
tics. There are works in which characteristics of the
course and hemodynamics of THD in males and
females are compared. The main factors for the com-
parison are: 1) age, 2) smoking habit, 3) obesity,
4) daily physical activity, 5) history of myocardial
infarction (MI), 6) cardiac rhythm and conduction
disorders, 7) LV ejection fraction (EF), 8) adherence
to therapy [3—6].

Age: it was believed previously that IHD is
detected much earlier in men, regardless of its course
(acute coronary syndrome (acute MI), MI, and latent
angina) [5], but with increasing life expectancy, the
picture has changed. It turned out that IHD have all
patients, regardless of gender, although there are
certain age-related features: after 50 years, THD
develops significantly more often in women (64% vs.
32%) [6], while before 50 years, the situation is the
opposite — approximately 60% of patients with diag-
nosed IHD are men.

Smoking and obesity: regardless of age, smoking
as a risk factor is found in 98% of men. Obesity as a
risk factor is distributed approximately equally
among men and women with IHD (42 to 30%) [1].

Daily physical activity is higher in men than in
women (60 vs. 40%) [6].

MI develops much earlier in men, and there is a
tendency for manifestation of THD in men with MI
exactly; MI mortality is also higher in men. Women
are characterized by a longer course of stable THD
preceding MI, an atypical picture of MI, as well as a
frequent transition from acute heart failure to
chronic [4, 7].

Cardiac hythm and conduction disorders in THD
are significantly more common in women (88 vs.
58%) [6].

Such factors as EF, severity of coronary lesions
according to SYNTAX score, and adherence to ther-
apy are apparently independent, and are determined
by the IHD duration. There are different data on
treatment adherence. Thus, in a study by Girerd et
al., the proportion of men who followed the treat-
ment regimen and scheme was 60%, while women —
only 45% [8].

Anyway, excluding cases of new-onset angina,
which manifests with pronounced syndromes, ITHD
has subclinical presentation in 69—50% of cases [8].

Among all causes of cardiac mortality, IHD occu-
pies the leading position. Diabetes mellitus presence
is one of the main factors associated with both IHD
and its long-term asymptomatic persistence [9].

Thus, a fairly large cohort of patients with ITHD is
formed at an outpatient stage, and their clinical pro-
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BRIpakeHHBIMU cuaApomamu, WBC nposasiasercs
CyOKJIMHUYECKU B 69—50 % cirydaes [8].

Cpeny BceX NMPUUYMH KapAUAIbHOM CMEPTHOCTH
nuaupyonyto nosumuio 3anuMaetr UbC. Hanuune xxe
caxapHOro juabera sIBJISIETCS OJHUM U3 OCHOBHBIX
¢axTopos, accorunpoBaHHbIX Kak ¢ UBC, Tak u ¢ gym-
TeJIbHBIM OECCUMIITOMHBIM €€ TIEPCUCTUPOBAaHUEM [9].

Takum 06pa3oM, JOCTATOYHO OOJIbIIAS KOTOPTa
nanuenToB ¢ UBC dopmupyercs Ha amOy1aTOPHOM
JTalne, ¥ UX KINHUYECKUH MOPTpeT KpaliHe BakeH
JUIS TIPOTHO3UPOBAHUA TaKUX TAXKEJIBIX OCJIOKHe-
HUH, KaKk HIIEMHUYECKas MUTpaJbHas peryprura-
nus, GUOPWLIAIINA TPEACEPAUN, TEKOMIIEHCHPO-
BaHHAs cep/ieuHasi HeIOCTaTOYHOCTD [10, 11].

IIEJIb NUCCJIEAJOBAHUA

BbIABUTh KJIMHWUYECKHE OCOOEHHOCTU TeUeHWUs
WNBC u craTucTUYecKy 3Ha4UMble OTJINYUA 0XKUJlae-
MbIX nposBieHuil UBC y manueHTOB pasHOTro mosa
Ha JIOTOCIIUTAJIBHOM (aMOyJIaTOPHOM) STATIe.

MATEPUAJIBI 1 METO/IbI

ITpoBenen aHanu3 amOy/JIATOPHBIX KapT U3
apxuBa Y4ueOHO-HAyYHO-1e4eOHOTO  KOMILUIEKCA
(yHuUBepcuTEeTCKAsA KJIMHUKA) J[OHEIKOTO rocyaap-
CTBEHHOTO MEJUIMHCKOTO YHUBEPCUTETA HM.
M. I'OppKOTO 120 MYy>KYMH U 110 >KEHIIUH C JUaTHO-
30M «HIIeMuYecKas 00Ie3Hb cepAra», IMOCTaBIEH-
HBIM B IIEPUOJ] C HIOHS IO JIeKabphb 2024 T.

AHATUBUPOBATIUCH  CJIEIYIONIUE TIOKa3aTeIH:
Bo3pact, craxk HWBC, nanHble 3xokapauorpaduu
(9xoKT') (dbpakmus BeIOpoca), 3JIEKTPOKAPAHOrPA-
dun (IKI) /xonTEpOBCKOTO MOHHUTOPHUPOBAHUS,
OMOXMMUYECKOTO aHAIN3a KPOBU, HAJIMYHE COIYT-
CTBYIOIIIEH maTosioruu (OKUpeHue, caxapHbIH JTHa-
6er (CI), runeproHunyeckasi 60Jie3Hb), ITepeHECEeH-
Horo 1M, nepeHeceHHBbIX BMEIIaTeIbCTB.

JIJ1s1 CTaTUCTUYECKOTO CPAaBHEHUST KaUeCTBEHHBIX
IoKas3aTeJied UCI0Ib30BaId KPUTEPHUH XU-KBapar,
IVl CPAaBHEHUs KOJIMYECTBEHHBIX IIOKA3aTesled —
U-kputepuii MaHHa — YWUTHH U IPOrPaMMHBIN
maker Statistica 12. Pazimuus cyuTasuch CTaTUCTH-
YecKH 3HaUYUMBIMU IIPH P < 0,05.

PE3YJ/IBTATBI

XapakTepucTHKa TPYII 10 OIeHUBAaeMbIM ITOKa-
3aTeJsIsAM IpeZicTaBjieHa B TabJI. 1.

[Ipu cpaBHEHUH JIAHHBIX TPYTI OBLIU BBISIBJIEHBI
JlocTOBepHBIe oTyimyus B Bo3pacre u craxke MIBC. B
cpeniem y wMyxkuuH WBC puarHoctupoBasiach
panbiite, a ctaxxk IBC 6511 60J1bIIIE.

He ObLIO CTATHCTUYECKH 3HAYMMBIX OTJIMUYHH B
MOKA3aTeJIAX TeMOAUHAMUKUA IO JaHHBIM IXOKT,
OTHAKO y OOJIBIIIMHCTBA NAIMEHTOB OBLIA BBIAB-

file is extremely important for predicting such severe
complications as ischemic mitral regurgitation, atrial
fibrillation, and decompensated heart failure [10, 11].

AIM OF THE RESEARCH

To find the peculiarities of the course of IHD and
statistically significant differences in the expected
manifestations of IHD in female and male outpa-
tients.

MATERIALS AND METHODS

An analysis of outpatient medical records of
120 men and 110 women with IHD diagnosed between
June and December 2024, retrieved from the archive
of the University Clinic of Donetsk State Medical Uni-
versity named after M. Gorky, was performed.

The following parameters were analyzed: age; dura-
tion of IHD; results of echocardiography (EchoCG)
(ejection fraction), electrocardiography (ECG)/Holter
monitoring, blood biochemistry; comorbidities (obe-
sity, diabetes mellitus (DM); hypertension), history of
MI and previous interventions.

For statistical comparison of qualitative indica-
tors, the chi-square test was used, and for comparison
of quantitative indicators, the Mann-Whitney U-test
and Statistica 12 software were used. Differences were
considered statistically significant at p < 0,05.

RESULTS

The characteristics of the groups according to the
parameters studied are presented in Table 1.

When comparing these groups, significant differ-
ences were found in patients’ age and duration of
IHD. On average, men were diagnosed with ITHD ear-
lier and had a longer history of IHD.

There were no statistically significant differences
in hemodynamic parameters according to EchoCG
data; however, most patients presented signs of isch-
emic LV remodeling (LV mass index over 120 g/m?
in 150 patients), LV diastolic dysfunction (in
12 patients), functional mitral regurgitation <2 grade
(in 60 patients).

According to the results of ECG/Holter monitor-
ing, statistical differences were found in the number
of patients diagnosed with atrioventricular block: 60
in women and 30 in men. Moreover, in all cases, men
had complete atrioventricular block, therefore, they
were implanted with pacemakers. In women, the
first-degree atrioventricular block was predominant.

The groups did not differ in such parameters as
natriuretic peptide, total cholesterol, and blood glu-
cose levels, which exceeded the reference values pre-
sented in the modern clinical guidelines.
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Ta6mpa 1. XapakTeprucTHKa FPYII KCCIeA0BaHUs
Table 1. Characteristics of the studied groups

MokazaTens My >K4YUHbI KeHIIMHBI
Parameter Males Females
(n=120),m*06 (n=110),m+*o
BospacT Ha MOMEHT 0cMOTpa, JieT / Age at presentation, years 61,5+5,6 68,3 +4,8 0,02*
Craxx UBC, siet / Duration of IHD, years 4,5+1,2 25+1,5 0,02%*
Jannbie 3xoKI' / EchoCG data:
K/JP / EDS 4,4123+0,36 5,937 +0,36 0,124*
KZ0 / EDV 78,5 + 15,62 73 +18,43 0,23*
KCO / ESV 31,25+£9,56 37,125+12,125 0,31*
®B / EF 66,25 + 5,125 59,25+ 5,68 0,21*
UMM, r/m? | MI, g/m? 125+5,6 126,45 0,12*
JKT-npu3Haky HapyLIeHHUs] pUTMa, Yest. (%):
ECG signs of rhythm disorders, subjects (%):
Bcero / total 70 (58) 100 (91) 0,271%*
®IT / AF 20 (16) 40 (36) 0,24**
aTpPUOBEHTPUKYJIsIpHasd 6yiokaja / atrioventricular block 30 (16) 60 (54) 0,01%*
CHHOaTpuasbHas 6Ji0kaja / sinoatrial block 20 (16) 30 (28) 0,265**
BuoxuMuyeckue nokasarey, e (%) | Biochemical indices, subjects (%):
HaTpuiypeTndeckui nentup >125 nr/may aun go 75 et 50 (41) 40 (36) 0,152**
u >450 nr/ma y vy crapiue 75 et
natriuretic peptide >125 pg/ml in subjects under 75 years
and >450 pg/ml in subjects over 75 years
XC o6uruii >6,0 mmouib/a | Total cholesterol >6,0 mmol/1 50 (41) 40 (36) 0,08**
JIITHIT >2,6 mmouaib /a1 | LDL >2,6 mmol/1 100 (83) 105 (95) 0,1
TT <1,7 mmouib /a1 | TG <1,7 mmol/1 56 (46) 50 (45) 0,2
JIIBI >1,2 mmoub/a | HDL >1.2 mmol/1 45 (37,5) 52 (47) 0,1
[JII0K03a KpoBU >7,8 MMouib/a | blood glucose >7,8 mmol/1 40 (33) 40 (36) 0,075**
4YacToTa JOCTHKeHU 1esieBbix 3HadeHun XC JIITHIT <1,4 MMouib /1 45 (38) 74 (67) 0,04
frequency of achieving the LDL cholesterol targets <1,4 mmol/]
CK® <60 ms1/MuH, yes. (%) | GFR <60 ml/min, subjects (%) 40 (33) 50 (45) 0,85**
ComyTcTBytouas narosorus, yes. (%) / Comorbidities, subjects (%):
CA Il Tuna / type I DM 60 (50) 20 (18) 0,15%*
I'b / AH 50 (41) 30 (27) 0,12**
pucaunugemus / dyslipidemia 50 (41) 40 (36) 0,005**
C + I'b + pucnunugemus / DM + AH + dyslipidemia 30 (25) 10 (9) 0,054**
I'b + nucaunugemus / AH + dyslipidemia 30 (25) 20 (18) 0,06**
[lepeneceHHbIN HHGAPKT MUOKap/a, dyes. (%) 40 (33) 10 (9) 0,01**
Myocardial infarction in a history, subjects (%)
[lepeHeceHHbIe BMeIATEAbCTBA, Yell. (%):
Interventions in a history, subjects (%):
OTKpBITast KOpoHapHas peBackyssipusanus (AKII/MKII) 50 (41) 20 (18) 0,01**
open coronary revascularization (CABG/ CBG MA)
ummanTagus K/ /KC | CD/ PM implantation 30 (25) 0(0) 0,04**
3HJI0BacKy/spHas peBackynsapusanus / endovascular revascularization 40 (33) 70 (63) 0,05**
KAT / CAG 100 (83) 110 (100) 0,23**
KapoTHHas SHJapTepakToMus / carotid endarterectomy 40 (33) 10 (9) 0,008**
OyHkuroHanbHbIN kaacc no NYHA, 6asibl / NYHA score 25+0,5 2+0,1 0,005*

[IpuMedaHu4da:

UBC - unmemuyeckass 6osie3Hb cepaua; IxoKI - axokappuorpadus; K/JP - KoHe4YHO-AMACTONNYECKUH pasMep;

K/10 - xoHeyHo-zAnacTonnyeckuil 06beM; KCO - koHeuHO-cHcTonYeckuil 06beM; @B - dppakuus Beiopoca; UMM - HHieKC Macchl MHOKap/a;
KT - anektpokapauorpadpudeckuit; ®I1 - pubpunnsauus npegcepauit; XC - xosnectepu; JIITHII - nunonporenHbl HU3KOHM mioTHOCTH; TT -
Tpurnunepuzss; JIBII - tunonporenHs! Beicoko# muoTHOCTH; CK® - ckopocTh kiny6oukoBoi ¢uiabTpauny; C/l - caxapHblit guabet; I'b -
runeproHuyeckas 6ose3Hb; AKI - aopTokopoHapHoe myHTUpoBaHnue; MKII - MaMMapokopoHapHoe myHTHpoBaHue; K/l - kapauoBepTep-
nebubpraaTop; KC - kapauocrumynsTop; KAI' - koponapHast anrnorpaéust; NYHA - New York Heart Association.

* U-xpuTepuit MaHHa - YUTHHU.
** KpuTepuil Xu-KBapar.
N o t e : IHD - ischemic heart disease; EchoCG - echocardiography; EDS - end-diastolic dimension; EDV - end-diastolic volume; ESV - end-
systolic volume; EF - ejection fraction; MI - mass index; ECG - electrocardiography; AF - atrial fibrillation; LDL - low density lipoproteins;
TG - triglycerides; HDL - high density lipoproteins; GFR - glomerular filtration rate; DM - diabetes mellitus; AH - arterial hypertension; CABG -
coronary artery bypass grafting; CBG MA - coronary bypass grafting with mammary artery; CD - cardioverter-defibrillator; PM - pacemaker;
CAG - coronary angiography; NYHA - New York Heart Association.

* Mann-Whitney U-test.
** Chi-square test.
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JIeHBI IPU3HAKY UIIEMIYECKOTO PEMO/IETMPOBAHUS
snesoro xenynouka (JIXK) (uameke Macchl MHOKapza
(MMM JIXK) 6osiee 120 T/M?y 150 MaIeHTOB), AUa-
cronuueckass pguchynknusa wmuokapga JDK (v
12 TanueHToB), (GYHKIMOHAJIBHASA MHUTPAIbHAA
HEI0CTATOYHOCTD <2 CT. (Y 60 MaIieHToB).

ITo maHHBIM 371€KTPOMUBHOIIOTUYECKOTO HCCIIe-
noBaHus cepana (OKI'/xonTepoBckoe MOHHUTOPHUPO-
BaHUe) ObLIN BBISABJIEHBI CTATHUCTUYECKHUE OTIUYHUS
[0 KOJIMYECTBY NAIMEHTOB C JAUATHOCTHPOBAHHOM
aTPUOBEHTPHUKYJIIPHOH OJIOKaZOH: 60 y JKEHIIUH U
30 y My>kunH. [Ipy 3TOM y My»>KUUH BO BCEX CITyUasIX
ObUTa TMOJTHAs AaTPUOBEHTPUKYJISApHas OJI0Kaza,
BCJIE/ICTBUE Yero UM ObUT MMILIAHTHPOBAH Kap/IHo-
CTUMYJIATOP. Y JKEHIUH 3Ke IpeobJiaiayia aTpuo-
BEHTPUKYJIApHAasA 06JI0Ka/ia 1-U CTEeIeH .

I'pynmbl He pasjuyaguch IO TAKUM IIOKa3aTe-
JISIM, KaK YPOBEHb HATPUHYPETHUUYECKOTO TENTH/A,
00II1eT0 X0JIeCTEPHHA, TIIIOKO3bI KPOBU BHIIIE pede-
PEHCHBIX 3HAUEHUH, IIPeJICTABJIEHHBIX B COBPEMEH-
HBIX KJINHUYECKUX PEKOMEHIAIUSIX.

Takske He OBLIIO OTIIMYUH B CTPYKTYPE COITYTCTBY-
fomelt marosoruu. OAHAKO y MYKUIUH OTMeYasach
TEeHJIEHIINS K 0oJiee YacTOMYy COYETAaHUIO THUIIEPTO-
HHUYECKOU O0JIe3HU U JUCTUIUAEMUM, a TAKKE KOM-
OWHAIUK THIIEPTOHUYEecKass 00JIe3Hb + JUCTUITHIE-
MU + caxapHbli guaber tuna II, HO pasnuuus He
OBLIM CTATUCTUYECKU 3HAYMMBIMU, BEPOSITHO M3-3a
HeOOJIBITIOTO 00'heMa BEIOOPKU.

BmecTe ¢ TeM BBIABIEHBI CTATHCTUYECKH 3HAYU-
Mble Pa3JIuyus B JOCTIKEHUH I[eJIEBBIX 3HAUEHUH
XOJIECTEPUHA JINIOIPOTENHOB HU3KOU IIOTHOCTHU
(m1st Bcex maruenToB ¢ UBC — meHee 1,4 MMOJIb/J1):
67 % y skeHIINH IpoTuB 38 % y My>xurH (p < 0,05).

Cpenu mMy4uuH ObLIIO OoJtbIle mepeHecux UM
(40 poTuUB 10 y 3KeHIUH). Y Bcex ObLIa COXpaHeH-
Has pakiys BEIOpoca Ha MOMEHT 00CIe/IOBaHU.

OTKpBITasl KOpOHApHAas PEBACKYJIAPHU3AIUA IO
noBoxy MBC (MHOrOCOCYAMCTOE TOpakeHue,/mopa-
JKEeHUE YCThsl JIEBOM KOPOHApHOW aprepuu) ObLIa
BBITIOJTHEHA 50 MYy>KUMHAM. B rpyTine ;keHIIIH ObLIO
BBITIOJTHEHO 20 OTKPBITHIX KOPOHAPHBIX PEBACKYJISI-
puzatuii (p = 0,01). IIpu 3TOM B TpyIIIe KEHIIHH
3HAYUTEJIPHO Yallle BBINOJIHAJIACH DH/IOBACKYJISAP-
Hasl peBACKYJ/IIpU3AINs, YTO, BEPOSATHO, CBI3aHO C
MeHee BBIPOKEHHBIM IOPaKEHHEM KOPOHAPHOTO
pycia, 4eM y My>KUuH.

Ha MoMeHT mocJie/THero moceIieHus Kaparnosiora
VY My>KYHH IMaTHOCTUPOBAIHU 3-U QYHKIITMOHAIBHBIN
kacc mo NYHA, y sKeHIIUH — 2-H KJ1acc.

OBCYXKJIEHUNE

Cpennuil Bospact auarHocrupoBanusa UBC y
JKeHIIIUH OKa3ajIcA BhIle. /laHHaa TeHIeHIA OTMe-

There were also no differences in the comorbidity
structure. However, men showed a tendency to a
more frequent combination of hypertension and dys-
lipidemia, as well as a combination of hypertension +
dyslipidemia + type II diabetes mellitus, but the dif-
ferences were not statistically significant, probably
due to the small sample size.

At the same time, statistically significant differ-
ences were revealed in achieving the low-density
lipoprotein cholesterol targets (for all patients with
IHD <1,4 mmol/l): 67% in women vs. 38% in men
(p < 0,05).

There were more MIs among men (40 vs. 10 in
women). All had preserved ejection fraction at the
moment of examination.

Open coronary revascularization procedure for
IHD (multivessel disease/lesions of the left coronary
artery ostium) was performed in 50 men. In the
female group, 20 open coronary revascularizations
were performed (p = 0,01). Thus, the number of
endovascular revascularizations was significantly
higher in the female group, which is probably due to
less severe coronary lesions than in men.

At the time of the last visit to the cardiologist,
men were diagnosed with NYHA class 3, and
women — with class 2.

DISCUSSION

The average age of women at the IHD diagnosis
was higher. This trend is also noted in other stud-
ies. Iaitskaia et al. indicate a correlation between
the detection of IHD and menopause onset [11].
The average age at menopause was 48,9 + 1,2 years
[4]. A decrease in estrogen levels contributes to
atherogenic transformation of lipids, increased
platelet aggregation, development of vasospastic
reactions due to the smooth muscle contraction in
the vascular wall, and a decrease in the nitric oxide
production [12].

The main structural and functional LV abnormal-
ity in patients in both groups was high LV mass index
(>120 g/m?), while ejection fraction was preserved in
almost all cases. This trend is consistent with the
results of a recent study, in which an increase in LV
mass index was an independent factor for chronic
heart failure (CHF) with preserved ejection fraction
[5]. As for the class of CHF, it was higher in men,
probably due to long-term duration of THD and the
negative impact of complications. The leading com-
plication promoting the progression of CHF is con-
sidered to be rhythm disorders [12].

In our study, men were more likely to have a his-
tory of MI, in all cases non-fatal. The following trend
is described in the literature: MI is more common in
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HaeTcsa U B Apyrux ucciaenosanuax. J.A. Aunkad u
COaBT. YKa3bIBAIOT HA KOoppeJAIuio BoisiBieHus 1BC
CO CPOKOM HACTYIUIeHUsI MeHomay3bl [11]. Cpemuuit
BO3pacT HACTYIUIEHUS MEHOIIay3bl COCTaBJIAET
48,9 + 1,2 rona [4]. CHIKeHUe YPOBHS 3CTPOTEHOB
CIIOCOOCTBYET aTepOreHHOH TpaHchOpMaIuuy JIUIN-
JIOB, YCWJIEHHOHM arperamuu TPOMOOIIUTOB, Pa3BHU-
TUIO Ba30CIIACTUYECKUX PEAKINH 3a CUeT COKpalle-
HUA TJIAAKOH MYCKYJaTypbl COCYIUCTOM CTEHKH,
CHIDKEHHUIO BRIPAOOTKH OKCHza a3oTa [12].

OCHOBHOH CTPYKTYPHO-GYHKIIMOHAJIBHON aHO-
Mannedt JOK y manueHTOB B 00emx rpymmax ObLT
Boicokuii UMM (>120 r/m?), mpu 3TOM GpaKius
BbIOpOCa ObLJIA MIOUTH BO BCEX CIy4YasX COXpaHEHa.
JlaHHas TEeHAEHIHSA COOTHOCHUTCSA C pe3yJIbTaTamMu
HeJIaBHEr0 HCCjIeJl0OBaHUA, B KOTOPOM IIOBBIIIIEHHE
MMM JIXK 6bL10 HE3aBUCUMBIM KPUTEPUEM XPOHH-
yeckol cepaeuHoi Hemocratounoctn (XCH) c
coxpaHeHHOH ¢pakiueii Bpiopoca [5]. UTo kacaercest
kinacca XCH, oH OGbLT BbIIIE y MYy»KUHH. BeposiTHO,
3TO cBsi3aHO ¢ GosbimiuM craskeM MBC u HeraTtus-
HBIM BJIUSIHHEM OCJIOKHeHUH. Benymum ocyioxHe-
HHEM, CIIOCOOCTBYIOIIUM IporpeccupoBanu XCH,
CUMTAIOT HAapyIIeHHUsA puT™ma [12].

B nanHOM HCcIe[OBaHUM B aHAMHe3€e Y MYKUUH
yaime BeTpevascs nepeHeceHHsIin 1M, Bo Bcex Coy-
yasx HeJIeTaJIbHBIN. B iuTepaType onrcana ciaemyio-
as TeHAeHnusA: 10 50 jgetT UM waine BcTpedaercs y
MY>KUUH, a II0cJIe 60 JIeT — y KeHITUH. B 1anHoM xe
HCCJIeTOBAHUH BCE MAIlUEHThI ObLIN cTapiie 50 JIeT.
Mensbiryio BcTpedaeMocTh niepeHeceHHoro MM y
JKEeHINWH, HECMOTPS Ha GOJIBIINE CPEIHUN BO3pacT,
BIIOJIHE MOKHO OOBSICHUTH BBHICOKOU JIETAIIBHOCTHIO
Cpeu JKEeHIIUH cTapiiero Bo3pacra ot UM [13].

Tax:ke 0TMeUaI0Ch, UYTO MYKINHAM YaIle Ipo-
BOJIMJIM OTKPBITYI0O KOPOHAPHYIO peBaCKyJIsApU3a-
LU0, a )KeHITUHAM — aHTHOIIACTUKY U CTEHTUPO-
BaHUe. ITO 0ObsACHIETCA H0JIee «CIIOKHBIM» IIOpa-
’KeHHeM KopoHapHoro pycia (onenka mo SYNTAX
>28 6asoB) [14, 15] 1 HEOOXOAUMOCTBHIO B CUMYJIb-
TaHHBIX BMeEIIATeJbCTBAX (KapoTUAHAS DHAAP-
TEPIKTOMUS, UMIUIAHTAUA  KapAHUOCTUMYJISA-
Topa). JleCTBUTEIBHO, TIPU JOBOJIBHO OOJIBIIOM
craxke UBC nmopakeHune KOPOHApPHOTO pycJa Mmpo-
rpeccupyer, II03TOMY TaKXXe I1eJieco00pa3Ho Ipo-
BOJUTH COUETAHHBbIE BMENIATeIbCTBA HA Opaxuile-
¢danpHBIX apTepusAx C 1ejbl0 OPOPUIAKTUKU
UHCYJabTa [14].

3AK/IOYEHUE

[TpoBeneHHOE HCCIIeIOBaHME TOKa3asio, uTo NBC
JINaTHOCTUPYETCA Y My>KUUH B Cpe/lHEM Ha 5—7 JIeT
paHblile, YeM y KeHIUH. Takke y My>KUUH ropas/io
Jaile B aHaMHe3e BeTpeuaercs mepeHeceHHbIdn MM,

men under 50 years of age, and in women — over
60 years. All our patients were over 50 years of age.
The lower prevalence of MI in women, despite their
higher average age, can be adequately explained by
the high mortality rate from MI among older
women [13].

It was also noted that open coronary revascular-
ization was more often performed in men, while
angioplasty and stenting — in women. This is
explained by the greater complexity of coronary
lesions (SYNTAX score >28) [14, 15] and the need for
simultaneous interventions (carotid endarterec-
tomy, pacemaker implantation). Indeed, with a fairly
long history of IHD, coronary lesions progress, so it
is also advisable to perform combined interventions
on the brachiocephalic arteries to prevent stroke [14].

CONCLUSION

The study showed that IHD is diagnosed in men
on average 5—7 years earlier than in women. Men are
also much more likely to have MI in a history.

Over the course of IHD, severity of coronary
lesions grows, as well as lesions of other main ves-
sels, in particular the brachiocephalic arteries, pro-
gresses. In this regard, the open myocardial revascu-
larization is more often used. This trend is observed
mainly in men.

In general, men have a higher class of CHF, which
may be associated with both a greater number of
comorbidities and their complications, and a longer
history of IHD.

Conflict of interest. The authors declare no
conflict of interest.

C yBenmuenmneMm craxka VIBC Bospacraer o6bem
MMOpa’keH!sl KOPOHAPHOTO pycJia, a TaK¥Ke IIporpec-
cUpyeT IOpaXXeHWe JPYTUX MAaruCTPAJIbHBIX COCY-
JIOB, B 4dacTHocTu OpaxuoredanbHbIX. B cBsizu ¢
5TUM Yallle TPUOETaloT K OTKPHITON peBacKyJIsIpu3a-
Uy MUOKapja. JlaHHas TeH[eHIUs OTMedYaeTcs B
OCHOBHOM Y MY>KUHH.

B 11e710M y My?KYUH BBIABIISAETCA 00JIee BBICOKUH
ki1ace XCH, 4To MOkeT OBITH CBA3aHO KaK C 0OJIbIITIAM
KOJINYECTBOM COITyTCTBYIOITUX 3a00JIeBAaHUM U WX
OCJIOKHEHHH, TaK U ¢ 601bmuM craxem MBC.

KoH@uuKT HHTEPECOB. ABTOPHI 3aBJIAIOT 00
OTCYTCTBUU KOH(JINKTA HHTEPECOB.
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AHTpoONoOMeTpUYECKHE JaHHbIe JeTen 7—8 jieT AJTaricKkoro kpas
I''H. bopoauna', /I.1. Axanuna!, A.A. Mepmasnona?, I1.A. Endacun?

'OI'BOY BO «Aamaiickuil 2ocydapcmeeHHblil meduyuHckuil yHugepcumem» Munsdpasa Poccuu, Bapuaya, Poccus

2@I'OY BO «Hosocubupckuil 2ocydapcmeeHHblil medunuHckuil yHusepcumem» Munsdpasa Poccuu, Hogocubupck,
Poccus

AHHOTAIIUA

BBepgenue. Bogpact 7-8 jer ABisfeTcA STAllHBIM B OHTOTeHe3€e peOeHKa, OMO0JIOTHYeCKH U COITATIBHO 3HAYNMBIM,
TaK Kak 3aBepliaeT Iepuo/ «HeHTpaIbHOro IeTcTBa». TO BpeMs Hadasia 00ydeHUs B IIKOJIe.

I] e 1 b . BBIABUTH aHTPOIIOMETPUYECKHE TIOKA3ATENH IeTeH 7—8-JIETHETO BO3pacTa, IPOKUBAIOIINX B AJITAICKOM Kpae,
U OL[EHUTH UX HU3NUECKOE PA3BUTHE.

MaTepuanb U MeTO/Bbl. B uccienoBaHUN NPUHIN yJacTHe 87 MaJbUUKOB U Q1 JIEBOYKA B BO3pacTe
7—8 JieT U3 cpeHeR 001Ie00pa3oBaTeIbHON KOJIbI I'. BapHaysia. AHTporoMeTprudecKre u3MepeHus (pocT, Macca Tea,
JUIMHBI KOHEYHOCTEN, 0OXBAaTHbIE pa3Mephl — BCETO 17 MapaMeTPOB) MPOBOJIMJIM B HAaYaJle U B KOHIE yueOHOTO To/ia Ha
IIPOTS’KEHUH 2 JIET C OCEHH 2019 T'., KOTZa IeTH IO B 1-H KJ1ace, I10 BeCHY 2021 I'. YPOBeHb (pU3UUECKOr0 pa3BUTHUA OIle-
HUBAJIM C IOMOIIIbI0 HHAeKcOB Kete u ITuHbe.

PesynbTarts . 3a2rojayMaJlbydKOB Macca Tejla yBeJIMYUIIACH HA 4 KT, POCT — Ha 6 CM, OKPY?KHOCTb TPYIX — HA
5 CM, OKPY>KHOCTB »KHBOTA — Ha 3 CM; Y IEBOYEK Macca TeJia BRIPOCiia Ha 6 KT, POCT — Ha 8 ¢M, OKPY?KHOCTb TPY/IX — Ha 7 CM,
OKPYKHOCTB KUBOTa — Ha 6 cM. IHzekc [InHbe B UCCIETOBAHHOHN KOTOPTE JieTell 7—8 JIET COOTBETCTBYET OUEHb C1aboMy
THUITy TEJIOC/IOXKEeHUA. B 7-71leTHeM Bo3pacTe JOMUHUPYIOT JEeTHU ¢ IeUITITOM Macchl Tesa. B 8 jieT 3HaunTe IbHO yBETHYHN-
BaeTcs MPOLIEHT IIKOJIBPHUKOB ¢ U30BITOYHON MacCOt Tejla, YTO FOBOPUT O HEIIPABUJIbHOM XapakTepe MUTAHUSA U HeJloCTa-
TOYHOH (PUBUUECKOHN aKTUBHOCTH. Macca Tesia MpaKTUYeCKH OTMHAKOBA KaK Y MaJIbUMKOB, TaK U y IeBoUeK. PocT Gostbiie
Yy MaJIBYUKOB (p = 0,01). Bo BpeMs JIeTHUX KaHUKYJI OTMeUaeTcst 60jiee MHTEHCUBHOE YBeJIMUeHNEe KaK MacChl TeJa, TaK U
pocra, ueM B yueOHOM rogy. OTMedaeTcss HU3KUH IPOIEHT IKOJIbHUKOB ¢ TADMOHIYHBIM PAa3BUTHEM. Y 8-JIETHUX IIKOJIb-
HUKOB YBEJIUYHUBAETCS IIPOIIEHT JIUII ¢ U30BITOYHOM Maccou Tesa.

3akKJo04YeHUe. 7-JeTHUE NIKOJIbHUKYU UMeTH FADMOHUYHOE Pa3BUTHeE, a 8-JIETHUE — JIUCTaDMOHUYHOE. Y JaH-
HBIX JleTel OTMeYaeTcsl OYeHb CJIa0bIH THII TEIOCI0KEeHU .

Knmoueswnle croea: antponioMerpus, pu3nyecKkoe pa3BUTHE, AETCKUN BO3pacT, AJTalCKUI Kpau.

Oo0pasen nmurtupoBaHnuna: bopoguna I''H., Axanuna /[.1., Mepmanosa A.A., Enacun I1.A. AHTponioMeTpu-
yecKue JaHHble aeTed 7—8 jer Asraiickoro kpas // Journal of Siberian Medical Sciences. 2025;9(2):63-71. DOI:

10.31549/2542-1174-2025-9-2-63-71

Anthropometric parameters of 7—8-year-old children
living in the Altai Territory

G.N. Borodina?, D.I. Akhalina', A.A. Mershalova?, P.A. Elyasin?

Altai State Medical University, Barnaul, Russia
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ABSTRACT
Introduction. Theageof7-8yearsis a milestone in the ontogenesis of a child, biologically and socially signifi-
cant, as it completes the period of “neutral childhood”. This is the time when schooling begins.
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A im . To determine anthropometric parameters of 7—8-year-old children living in the Altai Territory and assess their
physical development.

Materials and methods. Thestudyinvolved 87 boys and 91 girls aged 7—8 years from the secondary
school in the city of Barnaul. Anthropometric measurements (height, body weight, limb lengths, and circumferences —
17 parameters in total) were carried out at the beginning and the end of the school year for 2 years from autumn 2019, when
the children started school, to spring 2021. The level of physical development was assessed using the Quetelet and Pignet
indices.

Results. Over2years, boys body weight increased by 4 kg, height — by 6 cm, chest circumference — by 5 cm, and
waist circumference — by 3 cm; girls’ body weight increased by 6 kg, height — by 8 cm, chest circumference — by 7 cm, and
waist circumference — by 6 cm. The Pignet index in 7—8-year-old children corresponds to ectomorphic somatotype. At the
age of 7, underweight children predominate. At the age of 8, the percentage of overweight children increases significantly,
indicating an unhealthy diet and insufficient physical activity. Body weight is almost the same for both boys and girls. Boys
are taller (p = 0,01). During the summer holidays, a more intense increase in both body weight and height is observed than
during the school year. A low percentage of schoolchildren with harmonious development is noted. The proportion of over-
weight 8-year-old schoolchildren increases.

Conclusion. The7-year-old schoolchildren had a harmonious development, while the 8-year-olds had a dishar-
monious one. These children have a slim physique.

Keywords: anthropometry, physical development, childhood, Altai Territory.
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BBEJAEHUE

Benymumu mpu3HaKaMu 37[0pPOBbsI JIeTel sIBJIA-
I0TCsSI yPOBEHb M TADMOHUYHOCTH (DU3UUECKOTO Pa3-
BUTHA [1]. B cBA3U ¢ yXy/IIeHUEM COCTOSHUA 37]0PO-
BbsI JIET€H, UMEIOIINM TEeH/IEHITUIO K IIPOTPECCHPO-
BaHUIO, aKTYaJIbHBIM SIBJISIETCS TIOCTOSIHHBIA MOHU-
TOPUHT (DUBUYECKOTO COCTOSHHSA, XapaKTepU3YIo-
IUH 3710pOBbE JETCKOTO HaceneHus [2, 3]. s
OLIEHKH PACTYII[Er0 OPraHU3Ma BasKeH yUeT BO3PacCT-
HBIX U3MEHEHHUH B IPOIIOPIINY YacTel Teyia pebeHKa
[4—6]. Ha pocT u pa3BuTHe AeTeil BIUIIOT YCAOBUS
MpoKKBaHMs, GU3NUYECKass aKTUBHOCTb, XapaKTep
MUTaHUsA, HAJIHMYME WIH OTCYTCTBUE CTPECCOBBIX
cutyanuii [7—9]. BospacTt 7-8 et sBseTcs sramn-
HBIM B OHTOTeHe3e peOeHKa, OMOJIOTHYECKH U COLH-
aJIbHO 3HAYMMBIM, TaK KaK 3aBepIIlaeT NEPUOJ «Hel-
TPAJILHOTO JIETCTBA». ITO BPeMs Hauayia OOyUeHus B
mkosne. OcobeHHOCTH MOP(POPYHKIIMOHATIBHOTO
COCTOSIHUA JIETeH JAaHHOTO BO3PAcTa BXOZAT B ITOHS-
THE «IIKOJIbHAsA 3pesiocTh». COTrJIacHO JTaHHBIM
HayuHoro neHTpa 3/10poBbs JieTell Poccuiickol aka-
JIEMUU MEIUIMHCKUX HayK, B HACTOsAIIEe BPeMs B
(usmueckom paszBuUTHM JleTell HAOJIOZAETCS TeH-
JIEHIIMs. K TpalUaau3alid TeJOCTI0KeHusA. Bos-
POCJIO KOJMYECTBO IIKOJIBHUKOB, HMEIOIUX Kak
JeUIIUT MaCCHI TeJIa, TaK U ee U30BITOK, YBEJIUUU-
JIOCH B IOTLYJISIIIUN KOJTMYECTBO HU3KOPOCJIBIX JIETEH.
Perucrpupyercs TeHJIEHIIUA K COKPAIEHUIO YHCIIA
JleTell C TADMOHUYHBIM Pa3BUTHEM.

INTRODUCTION

The leading signs of children’s health are the
level and harmony of physical development [1]. Due
to the deterioration of children’s health, which
tends to progress, ongoing monitoring of a physical
status characterizing the health of the child popula-
tion is relevant [2, 3]. To assess the a growing body,
it is important to take into account age-related
changes in the proportion of child’s body parts
[4—6]. The growth and development of children is
determined by living conditions, physical activity,
nutrition, the presence or absence of stressful situa-
tions [7—9]. The age of 7—8 years is a milestone in
the ontogenesis of a child, biologically and socially
significant, since it completes the period of “neutral
childhood”. This is the time when schooling begins.
Features of the morphofunctional state of children
of this age are included in the concept of “school
maturity”. According to data from the National
Medical Research Center for Children’s Health, at
present, a tendency towards gracile physique is
observed in the physical development of children.
The number of both underweight and overweight
schoolchildren has increased, and the number of
short stature children in the population has
increased. There is a tendency towards a reduction
in the number of children with harmonious deve-
lopment.
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HOEJIb NCCJIEAOBAHUA

BbIABUTH aHTPOIIOMETPHUYECKHE TTOKA3ATeIU JleTel
7—8-J71eTHETO BO3PACTA, MPOKUBAIOIINX B AJITACKOM
Kpae, ! OLIeHUTb UX (PU3NIECKOe Pa3BUTHE.

MATEPUVAJIBI 1 METO/IbI

B ucceoBanuy NpuHAIN yuacTrie 87 MaJIbYUKOB
¥ 91 JIeBOYKa, OOyJaroIuecs: B 001eoopa3oBaTesb-
HOH mmkosie T. BapHaysa, poguTeny U 3aKOHHBIE
MIPEICTABUTENIN KOTOPBIX i UHMDOPMUPOBAHHOE
corviacue Ha y4yacTHhe B HCCJIeIOBAaHUU. AHTPOIIOMe-
TPUUECKHe H3MepeHUs IIPOBOJAWIN B Hadaje U B
KOHIIe Y4eOHOTO T0/Ia Ha MPOTSIKEHHH 2 JIET C OCEHHU
2019 T., KOI7Ia JIETH TOIUIM B 1-H KJIacc, MO BeCHY
2021 r. Kputepru BKJIIOUEHUs B HCC/IeZIOBAHIE: BO3-
pact 7—8 JjieT, Hajtmuue UHPOPMHUPOBAHHOIO COTJIa-
CHSI POJTUTEJIST WM 3aKOHHOTO IpezicTaBuTests. I1po-
BeJIeHUE UCCIIeIOBAaHUA 0I00PEHO STUIECKIM KOMU-
TeTOM AJITaICKOTO TOCYAAPCTBEHHOI'O MEIUITITHCKOTO
yHUuBepcuTeTa (IMpoTokos N2 g ot 27.11.2018).

VccnemoBaHre MIPOBOAYUTH C TIOMOIIBIO CJIETYIO-
IIUX METOJIOB: AHTPOIIOMETPUSI, METOJ WHJIEKCOB.
Bce anTpomomeTpuuecKkue H3MepPEHHs IIPOBOJU-
JIUCH TI0 METOJIUKE, pa3paboTaHHOW W MPUHSTOH B
HUW anTtpononornu um. I.H. Amyumna. IIpo-
rpaMMa  aHTPOIOMETPUYECKOTO  HCCJIeZOBAHUS
BKJIIOUAJIa 17 M3MEPUTEIbHBIX IapaMeTpoB (pocr,
Macca TeJa, JJUHBI KOHEUHOCTEH, 0OXBAaTHBIE pas-
Mepbl). YpoBeHb (U3HYECKOTO PA3BUTHUA OIIPese-
AU ¢ momoIipio uHAekcoB Ketie u [lunabe.

Wunexkc KeTsie xapakTepusyeT TapMOHUYHOCTB
passutusa. OH paccuuThbiBaercs 1o ¢popmyie: Macca
tena (kr) / Pocr? (m). Insa 7 u 8-yeTHUX JleTer (u
MaJTBUHMKOB U JIeBOUeK) uHzeKe Ketie momkeH ObITh
paBeH 16.

WNnupexc IluHbe — mokasaTesib, XapaKTepU3YIO-
WY THI TEJI0CTI0XKeHusA. PaccunTeiBaeTes mo ¢op-
myse: Pocer (ecm) — [Macca tena (kr) + OKpy»KHOCTh
rpynHoi kierku (cm)]. MHAeke MeHee 10 COOTBET-
CTBYET KPENKOMY TeJIOCJIOKEHUIO, 10—20 — HOp-
MaJbHOMY, 21—25 — CpeJlHeEMY, 26—35 — cabomy U
6oJstee 36 — oUeHb C1a6OMY TEJIOCIIOKEHUIO.

[TosyueHHBIE TaHHBIE AHATTU3UPOBAIIN C IIPHUMe-
HEHHEM MeTOJIOB BapUAIlMOHHOM CTaTUCTUKU. [
KaK/IOTO KCCJIEIOBAHHOTO TapaMeTpa BBIUMCIISIIH
cpennee apudmerudeckoe (M) B JOBEPUTEIBHBIX
WHTEPBAJIIAX £95 % W ero omwubKy (m), cpe/lHEKBa-
JpaTU4YecKkoe OTKJIOHeHue (0) u KoddpduIueHt
Bapuanuu (V). OcobeHHOCTH pacIpeiesieHus Ipu-
3HAKOB M3yYaJIU ¢ IOMOIIBIO IOCTPOEHUS BapHuaIiu-
OHHBIX ps7ioB. CpaBHEHUE TTPOBOJUIIN C UCIIOIH30-
BaHmeM t-kpurepus CTbIOJIeHTa I HENapHbIX
BBIOOpOK. Kputnueckuii ypoBeHb 3HAUYNMOCTH pas-
JIMIUH COCTaBIUII 0,05.

AIM OF THE RESEARCH

To determine anthropometric parameters of
7—8-year-old children living in the Altai Territory
and assess their physical development.

MATERIALS AND METHODS

The study involved 87 boys and 91 girls studying
at the school in Barnaul, whose parents or legal rep-
resentatives provided informed consent to partici-
pate in the study. Anthropometric measurements
were carried out at the beginning and at the end of
the school year for 2 years, from autumn 2019, when
the children started school, to spring 2021. Inclusion
criteria were the following: age 7—8 years, informed
consent of the parent or legal representative. The
study was approved by the Ethics Committee of Altai
State Medical University (Protocol No. 9 dated
November 27, 2018).

The study was carried out using the following
methods: anthropometry, index method. All anthro-
pometric measurements were conducted using the
methodology developed and adopted at the
D.N. Anuchin Research Institute of Anthropology.
The study program included 17 anthropometric
parameters (height, body weight, limb lengths, and
circumferences). The level of physical development
was determined using the Quetelet and Pignet indices.

The Quetelet index characterizes the harmonious
development. It is calculated using the formula:
Body weight (kg) / Height?> (m). For 7- and 8-year-
old children (both boys and girls), the Quetelet index
reference value is 16.

The Pignet index is an indicator that character-
izes the body type. It is calculated using the formula:
Height (cm) — [Body weight (kg) + Chest circumfer-
ence (cm)]. Scores —10 correspond to endomorphic
somatotype, 10—20 — mesomorphic somatotype,
21—-25 — mesomorphic-endomorphic somatotype,
26—35 — mesomorphic-ectomorhic somatotype, and
—36 — ectomorhic somatotype.

The data obtained were analyzed using variation
statistics. For each parameter, the arithmetic mean
(M) with confidence intervals of +95% and its
error (m), standard deviation (o) and the coefficient
of variation (V) were calculated. The features of the
variable distribution were studied by constructing
variation series. The comparison was performed
using Student’s t-test for unpaired samples. The crit-
ical level of significance of differences was 0,05.

RESULTS AND DISCUSSION

It was revealed that in this age range, 7—8 years,
body weight is almost the same for both boys and
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PE3YJ/IBTATDBI 1 OBCY KAEHWUE

B pesysbrate IpOBEIEHHBIX UCCIIEOBAHUE OBLIO
BBISIBJIEHO, YTO B JIaHHOM BO3PAcTHOM HWHTEPBAJIE,
7—8 Jier, Macca TeJia MPaKTHYECKH OJUHAKOBA KaK Y
MaJIbYUKOB, TaK U Y ieBoueK (TabJ1. 1). Poct Goibliie y
MaTbuMKOB (p = 0,01). Bojiee UHTEHCHUBHOE YBEIHYE-
HHE U MacChl ¥ POCTA OTMEYAETCS B IIEPHOJ JIETHUX
KaHUKYJI, YeM B TeueHre yuebHoro roaa (cM. tabir. 1).

JlnvHa BepXHEH KOHEYHOCTH YBEJIWYHIach 3a
TIEpHOJT KCCIIEJIOBaHUs HAa 4—5 cM (p = 0,001), a
HIDKHEH KOHEYHOCTH — Ha 6—7 cM (p = 0,034) ¥
netelt 000ux mosioB (cM. Tabt. 1). IIpu nepBoM n3me-
peHun (oceHb, 1-H Kjacc) OKPYKHOCTHb TPYIHOH
kierku (OT'K) Obia Gosiblile Y MaJIbUMKOB, YEM Y
JleBouek (p = 0,001), a IpU TOCJIEYIOIIUX U3Mepe-
HUSAX JAHHBIN MMOKa3aTeJb OB OOJIBIIE Y /IEBOYEK
(cM. Tab. 1). OTK y MajibYMKOB YBEJIMUUBAETCS HA
5cm (p = 0,01), a y IeBoYek — Ha 7 ¢cM (p = 0,001).
VBesiueHne OKPY’KHOCTH KUBOTA KMEET aHAJIOT Y-
HYI0 3aKOHOMEPHOCTh: Yy MaJbYHKOB — Ha 3 CM
(p = 0,048), y neBouek — Ha 6 cM (p = 0,01). IIpupoct
OKPY?KHOCTe! JacTell BepXHeH U HIKHEN KOHEUHO-
crei cocrapiisgeT 2—3 cM (cM. TabJr. 1).

Nuneke Kersie y IMIKOJIBHUKOB 7 JIET B CPEHEM
COOTBETCTBYET HOPMAa/IbHBIM 3HAUEHUSIM, a y 8-J1eT-
HUX OH IIPEBBIIIIAET HOPMY, YTO TOBOPUT 00 U3ObI-
TOYHOM Macce Tesna (cMm. Tabs. 1). BelsgBiieHO, 4dTO
KOJINYECTBO 7—8-JIETHUX IIKOJIbHUKOB C TAPMOHNY-
HBIM Pa3BUTHEM HeBeJUKO (0T 13 710 29 %). B 7-7eTt-
HEM BO3pacTe B OCHOBHOM JOMHUHHUPYIOT JIETH C
Jedunutom Maccsl Tesia. B 8 sieT 3HaunTeIbHO yBe-
JIMYUBAETCS MPOIEHT MIKOJIbHUKOB C M30BITOUHOU
Maccoii Tesa (Tabs1. 2), UYTO TOBOPUT O HEMPABUIb-
HOM XapakTepe MUTAHUs IIKOJbHUKOB U HEeI0CTa-
TOYHOHN (PUBNUECKOH aKTUBHOCTH.

girls (Table 1). The boys are taller (p = 0,01). A more
intensive increase in both weight and height is
observed during the summer holidays in comparison
with the school year (Table 1).

The upper extremity length increased by 4—5 cm
(p = 0,001), and the lower extremity length — by
6—7 cm (p = 0,034) in children of both sexes during
the study (Table 1). At the first measurement (in the
autumn, first grade), the chest circumference (CC)
was higher in boys than in girls (p = 0,001), but sub-
sequently this parameter was higher in girls (Table 1).
The CC in boys increases by 5 cm (p = 0,01) and in
girls — by 7 ecm (p = 0,001). An increase in the waist
circumference has a similar pattern: by 3 cm in boys
(p = 0,048) and by 6 cm in girls (p = 0,01). The
increase in the circumferences of parts of the upper
and lower extremities is 2—3 c¢m (Table 1).

The Quetelet index in 7-year-old schoolchildren
corresponds, on average, to the reference values,
and in 8-year-olds it exceeds the reference values,
which indicates excessive body weight (Table 1). It
was found that the number of 7—8-year-old school-
children with harmonious development is small
(from 13 to 29%). At the age of 7, children with
underweight mainly predominate. At the age of 8,
the percentage of schoolchildren with excessive
body weight increases significantly (Table 2), which
indicates an unhealthy diet and insufficient physical
activity.

The Pignet index in children aged 7-8 years
corresponds to ectomorphic somatotype (Table 1).
In boys, ectomorphic somatotype dominates, the
proportion of which gradually decreases, and the
percentage of mesomorphic-ectomorhic somato-
type increases (Table 3). A similar pattern is

Ta6smmna 2. CoOoTHOIIEeHHe JeTel C TapMOHUYHBIM U IUCTAPMOHUYHBIM pa3BuTueM (%)

Table 2. The ratio of children with harmonious and disharmonious development (%)

7 net / 7-year-olds

8 sieT / 8-year-olds

PasButue
Development oceHb / autumn BecHa / spring oceHb / autumn BecHa / spring
Manvyuku / Boys
[apmonuyHoe / Harmonious 16,1 19,5 16,1 28,7
JucrapmonuyHoe / Disharmonious: 83,9 80,5 83,9 71,3
Jedunut Maccel / underweight 47,1 39,1 33,3 24,1
n36bITOYHAs Macca / overweight 36,8 41,4 50,6 47,2
/Jlesouku / Girls
apmonunyHoe / Harmonious 14,3 13,2 14,3 17,6
JucrapmonuyHoe / Disharmonious: 85,7 86,8 85,7 82,4
fedbuuut maccol / underweight 45,0 45,0 36,3 22,0
n36bITOYHas Macca / overweight 40,7 41,8 49,4 60,4
68 Journal homepage: http://jsms.ngmu.ru
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Ta6una 3. CooTHOIIEHKE TUIIOB TeJOCI0XKeHUs y aetet (%)

Table 3. The ratio of somatotypes in children (%)

THII Te/10C/I10KEHUST 7 nieT

8 et

Somatotype oceHb / autumn BecHa / spring oceHb / autumn BecHa / spring
Manvyuxu / Boys
Kpenkoe / Endomorphy 0 0 1,1 0
HopmasnbHoe / Mesomorphy 2,3 1,1 0 2,3
Cpennee / Mesomorphy-endomorphy 2,3 2,3 4,6 2,3
Cna6oe / Mesomorphy-ectomorphy 21,8 26,4 23,0 34,5
Ouenb cnaboe / Ectomorphy 73,6 70,2 71,3 60,9
/Jlesouku / Girls
Kpenkoe / Endomorphy 2,2 2,2 3,3 3,3
HopmasnbHoe / Mesomorphy 1,1 3,3 2,2 3,3
Cpeznnee / Mesomorphy-endomorphy 1,1 0 2,2 8,8
Cna6oe / Mesomorphy-ectomorphy 25,3 34,1 41,8 41,8
Ouenb cnaboe / Ectomorphy 70,3 60,4 50,5 42,8

Uupeke Ilunbe y gereir 7—8 JIeT COOTBETCTBYET
OueHb CJ1aboMy THITY TeslocjaoxkeHus (cM. Tabur. 1).
V Ma/IbUMKOB JJOMUHHUPYET OU€Hb CIabbIH THII TEJI0C-
JIOKEHHUA, IIPOIEHTHOE COOTHOIIEHHE KOTOPOTO
IIOCTETNIEHHO YMEHbIIIAETCsI U YBEJIUYUBAETCS IIPO-
[IEHTHOE COOTHOIIEHHE CJIa00T0 TUIIA TEJIOCIOKEHIS
(Tabi. 3). Y meBouek OTMEeUYaeTcss aHaJIOTUUHASA 3aKO0-
HOMEPHOCTDb, HO TaK)Ke K OKOHUAHHIO 2-TO KJjlacca y
8-JIeTHUX [IEBOYEK YBEJIUYHUBAETCS COOTHOIIEHHE
CPEHEro, HOPMAaJIbHOTO U KPEIIKOT'O TUIIOB TEJIOCIO-
skenns (cm. Tab1. 3). 3HaueHnua uHAekca ITuHbe CBU-
JIETEJICTBYIOT O HEIIPABUJILHOM XapaKTepe IMUTAHKA
U HemocTaTKe (PU3UYECKON aKTHBHOCTH.

3AKJIIOYEHUWE

B pesynbTaTe NMpOBEIEHHBIX B TEUEHHE 2 JIET
HCCJIEIOBAHUI B TPyIIle yJyaliuxcs 7—8 JieT ObLUIo
YCTaHOBJIEHO CJIEIYTOIIIEE:

1. Macca Tesia MpaKTHUYECKH OJIMHAKOBA KaK Y
MaJIbYUKOB, TaK U Y JIEBOYEK.

2. Pocrt 6oJiblile Y MaJIBUMKOB.

3. Bo Bpems JleTHHX KaHUKYJT OTMedanaud Oosee
WHTEHCHUBHOE yBEJIMYEHHE KaK MAacChl TeJa, TaK U
pocra, ueMm B y4eOHOM TOzy.

4. 7-JIETHUE IIKOJbHUKU B CPETHEM UMEJIH rap-
MOHWYHOE pa3BUTHEe, a 8-JIeTHHEe — JUC-
TapMOHHYHOE.

5. OTMeyasnn HU3KUH MPOLEHT IIKOJHHUKOB C
FapMOHHUYHBIM Pa3BUTHUEM.

6. Cpenu 8-JjIeTHUX IIKOJIbHUKOB YBEJIMUUBAETCSA
MIPOIIEHT JIUI] ¢ U30BITOYHO Maccou Tesia.

7. Y nereii 7—8 JyieT npeobJiaziaeT OYeHb CIa0bId
THII TEJIOCIOKEHU.

observed in girls, but also, by the end of the second
grade, the ratio of mesomorphic-endomorphics,
mesomorphic and endomorphic somatotypes
increases in 8-year-old girls (Table 3). The Pignet
index values indicate an unhealthy diet and insuf-
ficient physical activity.

CONCLUSION

As a result of the study performed over 2 years in
a group of 7—8-year-old schoolchildren, the follow-
ing was revealed:

1. Body weight is almost the same for both boys
and girls.

2. Boys are taller than girls.

3. During the summer holidays, a more intense
increase in both body weight and height was noted in
comparison with the school year.

4. On average, 7-year-old schoolchildren had har-
monious development, while 8-year-olds had not.

5. A low percentage of schoolchildren with har-
monious development was noted.

6. Among 8-year-olds, the percentage of over-
weight schoolchildren increases.

7. Among children aged 7-8 years, ectomorphs
predominate.
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Mopdosroruueckas oreHKa Go/LTHKYJIOB IITUTOBUHOH JKeJIe3bl
IMOJIOBO3PEJIbIX KPbIC MOC/I€ XPOHUUECKON HHTOKCUKAIIUU
opraHu3Ma mapaMy TOJIyoJia 1 KOPPEeKIINU U3MeHEeHU N
dXUHAaIeeH IMypPITyPpHOU

K.A. ®omuna, B.1. Bepos

@I'BOY BO «JIyeaHckuil 2ocydapcmeeHHblil meduyuHckuil yHusepcumem umenu Cesmumens JIyxu» Munsopasa
Poccuu, JIyzarck, Poccus

AHHOTAIINA

BBeneHue. dHIOKPDUHHAA cUCTEMA O/IHA U3 IIEPBBIX pearvpyeT Ha M3MeHEHMs I'OMeOoCTas3a, a HelocpeiCTBEHHO
IIUTOBUHAA jKeje3a fABJAETCS MUIIEHBIO JUI TOKCMYECKUX BeIecTB, B CBA3M C 4YeM H3yUeHHe ee CTPYKTypHO-
(byHKIIMOHATBPHON OPTaHU3AIUK TPU XPOHUUECKOM WHTAJISIIUOHHOM BO3/IEHCTBUU TOKCUYECKHX areHTOB (B YaCTHOCTH
TOJIy0JIa) TIPEJICTABJIAETCS AKTyaJbHOH JIJIsi COBPEMEHHOU MeTUIIMHBI TeEMOH. B KauecTBe KOPPUTHPYIOIIETO CPEICTBA
WHTepec IIpe/ICTaBJIsAeT SXUHalles MypIypHasa, KOTopas Ha MPOTsSXKeHUN MHOTHX JIeT IPUMeHsAeTCs B KauecTBe aKTUBATOpa
a/laNTallIOHHBIX MEXaHU3MOB M CTUMYJIATOPA 3AIUTHBIX (PYHKIUHA OPraHU3Ma C IIeJIbIO ITOBBIIIEHUA YCTOUYUBOCTH KJIe-
TOK B YCJIOBUSIX CcTpecca.

IT e 1 b . UByunTh MOpdOIOTrHYECKHE U3MEHEHU (POJIMKYIIOB IIUTOBUHOM KeJIe3bl KPHIC PEIPOAYKTUBHOTO BO3pacTa
rocJie 60-THEBHOM MHTOKCHUKAI[UH OPTaHU3Ma TOJIyOJIOM ¥ KOPPEKIUHU BBISIBJIEHHBIX N3MEHEHUN 9XUHaIleeH MypIIypHOH,
a TaK’Ke OLIEHUTH JUHAMHUKY U CKOPOCTb X BOCCTAHOBJIEHH Yepes 7, 15, 30 U 60 AHEH 1ocsie IpeKpalieHus BO3eHCTBUA
n3ydyaeMbIX GaKTOPOB.

MaTepuanbs W MeTO /bl . JKCIepUMEHTAIbPHOE HCCIEJOBAHNE NIPOBE/IEHO Ha 120 II0JI0BO3PEJIbIX KpbICAaX-
camiax. JKUBOTHBIX Pa3/eTUIN HA 4 TPYIIIBL: TPYIIA 1 — MHTOKCUKAIUs TApaMU TOJIY0JIa B KOHIIEHTPAIUU 500 MT/M3 B
TeyeHue 60 JHeH; TPyIIa 2 — KOHTPOJIbHAsA (MHTAKTHBIE )KUBOTHBIE); TPYIINA 3 — HMHTOKCUKAIIUS TOJIYOJIOM + HACTOWKa
SXUHAIIEU IMyPIIYPHOH B ZI03€ 200 MT/KT, BHYTPIIKEIYI0YHO; TPYIIIa 4 — HACTOWKA SXUHAIIEU IyPIIyPHOI 6€3 HMHTOKCHUKA-
MM TOJIyoJIOM. V3ydasmn u3MeHeHue IUIoNaied (hoJUIHKYIIOB, KOJUIOU/a, (DOJUTUKYIAPHOTO SIUTENINA B ITUTOBUIHON
JKeJiese, a TaKKe (POJITUKYJIAPHO-KOJIJIOU/THBIN UH/IEKC.

PesyanbTarts . Mopdosornyeckre usMeHeHUA (POJIIMKYJIOB IIMUTOBUJIHON JKEJIE3bI MTOJIOBO3PEJIBIX KPBIC IOCIIE
XPOHUYECKOW MHTOKCHKAIIMU [apaMH TOJIyOJIa CBUAETEJBCTBYIOT O CHIDKEHUU (DYHKIIMOHAJIIBHOW aKTUBHOCTH OpraHa.
B donnukynax u3aMeHseTCS COOTHOIIEHHUE KOJUIOU/IA U SIUTENUA. MaKCUMyM pas3jInuyui YCTAHOBJIEH B TEUEHHE TIEPBOH
HeJIeJIN TI0CJIe 3aBePIIeH s HeOIaronMpUATHOTO BO3/IEHCTBUS — IUIOIIA b KOJIJIOW/IA YBEJTUIUBAETCA Ha 25,13 %, IJI0MIAAb
SIIUTEJINS YMEHBIIAeTCA Ha 21,37 %, GOJUTUKYIAPHO-KOJUIOU/IHBIA HHEKC CHIKaeTcs Ha 36,88 %. Cuiia BIMAHUSA HHTOK-
CUKAI[UH TOJIyOJIOM Ha BCE IIOKa3aTeH — BbIle 90 %. [Ipu exxeTHEBHOM IIpHeMe SXHHAIle! IIypITypHOU Ha ¢hOHE BO3/ei-
CTBHUS TOJIyOJIa YCHJIMBAETCA POCT (DOJUTMKYISPHOTO OSIHUTENUs U Pe30pOIHsA KOJUIOHAQ, OT KOTOPBIX 3aBUCHUT
(hoITUKYIIAPHO-KOJIOUHBIN HH/IEKC (rxy =0,93ur, =-0,92 COOTBETCTBEHHO). AP GEKT mpemapaTa COXpAHIETCs B TEUe-
HHE MecsAIla II0CJIe 3aBEPIIEHUs SKCIIEPUMEHTAIBHBIX BO3JEHUCTBUN — IUIONIAJb KOJUIOW/A CHIDKAaeTcd Ha 13,90 %, a
(hoJITUKYIIAPHO-KOJIOUAHBIN WH/IEKC BO3PACTAET HA 21,50 % B CPAaBHEHUH C IPYIIIaMH KPBIC, HE TOJIyYaBIINMU DXUHA-
1Ie10 IPU UHTOKCUKAITUY TapaMU TOJIyoJIa.

3aKJJOYeHUeE. IJKCIEPUMEHTATBHOE MOATBEPKAeHNE 3G(PEKTUBHOCTA NMPUMEHEHUA SXUHAIEW IPU XpPOHUYE-
CKOM BO3/IEHCTBHUU TOKCUYECKUX MOJUTIOTAHTOB OyZIeT CIIOCOOCTBOBATh PACIIMPEHHUIO €€ HCIOJIb30BAHMS B CAHUTAPHO-
MPOPUIAKTUUECKHUX [EJIAX, B KOMIUIEKCHOM JIEYeHUHU SHAOKPUHHBIX 3a001€BaHUI U /IJIsI TOBBIIIIEHUS CTOMKOCTH, COTIPO-
THUBJIIEMOCTH U aJjaliTalliy OpPraHU3Ma K JIEHCTBUIO YY>KEPOJIHBIX areHTOB, KAaK IIPH HAPYIIEHUAX B IepUDEePUIEeCKUX
SHZIOKPUHHBIX OPTaHAaX, TAK U B KJIETOUHBIX MeMOpaHaX U CTPYKTYPHBIX KOMIIOHEHTAX PA3IMUYHbBIX KJIETOK OPTAHU3MA.
Knmoueenle croea: muToBUAHAA XKeJe3a, GOJUINKYJI, TOIYOJI, SXHUHAIes IMypIypHasd.

Oo6pasen murupoBanusa: ®ovmuna KA., Bepos B.11. Mopdosoruueckas oneHka (GoITHKYJIOB IIUTOBUAHON
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Morphological assessment of thyroid follicles in mature rats
after chronic intoxication with toluene vapors and correction
of changes with Echinacea purpurea

K.A. Fomina, V.I. Berov

St. Luka Lugansk State Medical University, Lugansk, Russia

ABSTRACT

Introduction.Theendocrine system is one of the first to react to changes in homeostasis, and the thyroid gland
itself is a target for toxic substances, therefore, the study of its structural and functional organization under chronic inhala-
tion exposure to toxic agents (in particular toluene) seems to be a topical issue for modern medicine. Of interest, as a
therapeutic agent, is Echinacea purpurea which has been used for many years as an activator of adaptation mechanisms
and a stimulant of the body’s protective functions in order to increase cellular resistance under stress.

Aim . To study morphological changes in thyroid follicles of reproductive-aged rats after a 60-day intoxication with
toluene and correction of changes with Echinacea purpurea, as well as to evaluate the dynamics and rate of their recovery
7,15, 30 and 60 days after discontinuation of experimental exposure.

Materials and meth od s .An experimental study was performed on 120 mature male rats. The animals
were divided into 4 groups: group 1 — intoxication with toluene vapors at a concentration of 500 mg/m3 for 60 days;
group 2 — control (intact animals); group 3 — toluene intoxication + Echinacea purpurea tincture at a dose of 200 mg/kg,
intragastrically; group 4 — Echinacea purpurea tincture without toluene intoxication. Changes in the areas of follicles, col-
loid, follicular epithelium in the thyroid gland, as well as the follicular-colloid index were studied.

R esults.Morphological changes in thyroid follicles of mature rats after chronic intoxication with toluene vapors
indicate a decrease in the functional activity of the organ. The colloid-epithelium ratio in the follicles changes. The maxi-
mum differences were revealed during the first week after discontinuation of toxic exposure: the colloid area increases by
25,13%, the epithelial area decreases by 21,37% and the follicular-colloid index — by 36,88%. The strength of the effect of
toluene intoxication on all indicators is above 90%. In daily administration of Echinacea purpurea under toluene expo-
sure, the growth of follicular epithelium and colloid resorption influencing the follicular-colloid index increases (r, = 0,93
and r, = -0,92, respectively). The effect of the herbal preparation persists for a month after discontinuation of experimen-
tal exposure: the colloid area decreases by 13,90%, and the follicular-colloid index increases by 21,50% compared to groups
of rats that did not receive Echinacea purpurea during intoxication with toluene vapors.

Conclusion. Theexperimental study confirmed the effectiveness of Echinacea purpurea in chronic exposure to
toxic pollutants, which will contribute to the expansion of its use for medical and preventive purposes, in the combined
treatment of endocrine diseases, and as well as to increase the tolerance, resistance and adaptive potential of the body to
exogenous agents, in disorders both in the peripheral endocrine organs and in cell membranes and structural components
of different cells of the body.

Keywords: thyroid gland, follicle, toluene, Echinacea purpurea.
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INTRODUCTION
The study of morphological features of organs

BBEJAEHUE

H3yuenre MOpPGOIOTHUECKUX OCOOEHHOCTEH

OpPTraHOB W CHCTEM OpraHW3Ma IPU BJIUSHUH Ha
OpPraHU3M TOKCHYECKHX (PAKTOPOB U BBIABJIEHHE
aJlanTaIlMOHHBIX PeaKI[Ui, HApaBJIeHHbIX HAa CHU-
JKEHUE JIAaHHBIX BO3JIEMCTBUU, SIBJISIETCS aKTyaslb-
HBIM BOIIPOCOM COBPEMEHHOW MeJUIIUHBI [1].
ToJtyoJ1, IIUPOKO IPUMeEHAEMBIN B BOEHHOMU, hapma-
[IEBTUYECKOU, KOCMETHYECKOH, TOIUIMBHOU IIpO-
MBIIIJIEHHOCTH, & TaK)Ke IPU U3TOTOBJIEHUU JIAKOB,
KpacoK, KJIeeB, IJIACTMACCOBBIX W3/IEJTUI, MOIOIINX
CPEJICTB, SIBJISIETCS BEIECTBOM TPETHETO KJjacca

and systems of the body under toxic exposure and
uncovering the adaptive reactions aimed at reducing
these effects is a topical issue of modern medicine
[1]. Toluene, widely used in the military, pharmaceu-
tical, cosmetic, fuel industries, as well as in the man-
ufacture of varnishes, paints, adhesives, plastic arti-
cles, detergents, is a substance belonging to hazard
category III and is of interest for the study of its
effects on the human body. Considering that the
endocrine system is one of the first to react to changes
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OITIaCHOCTH U IPEACTABJIACT UHTEPEC JIA UCCIeI0Ba-
HUA €ro BOB[[efICTBI/IH Ha OpraHU3M. y‘{I/ITI)IBaH, qTo
SHAOKPUHHAA CUCTEMa OJHA U3 IEPBLIX pearupyer
Ha W3MEHEHHMS TIOMEeOCTa3a, a HEeIOCPEICTBEHHO
MU TOBUHAA XKejie3a ABJIAETCA MUIIIEHbIO JIA TOK-
CHYECKHUX BEIeCTB, H3yYEHHE ee CTPYKTYypPHO-
(pyHKIIIOHAJTBHOW OPTaHU3AINU IIPU XPOHUYECKOM
HNHTAJIAITUOHHOM BOBZ{eﬁCTBHH TOJIyOJia B KOHIIEH-
TPaIKH, IPEBIIIAIOIIEH IIPEIEIbHO TOIYCTUMYIO, C
YUETOM CpPOKa peajlalTal[iy, IIPOIIEIIEro IIOCie
3aBEpUICHUA IIepuoga [[efICTBHH TOKCHUYECKOTI'O q)aK-
TOpAa, MPEACTABJIAETCSA aKTyaJIbHBIM. B KadecTse
KOPPHUTHPYIOIIEr0 CPEACTBA UHTEPEC IIPECTABIISIET
IXHHaIled IIypIypHasd, KOTOpasd Ha IIPOTAXKEHHUU
MHOTHUX JIET IIPDUMEHAETCA B Ka4eCTBE€ aKTHUBATOpa
aJalITagduOHHBIX MEXaHHU3MOB " CTUMYJIATOPA
3AalIUTHBIX (I)YHKIII/Iﬁ opraHu3Ma C IeJIbI0 ITOBBIIIE-
HUSA YCTOMYHUBOCTH KJIETOK B YCJIOBUSAX cTpecca [2].

ITEJIb UCCJIE/IOBAHU A

N3yunTh Mopdosoruieckre u3MeHeHus QoJLIn-
KYyJIOB IITUTOBUIHOU >KeJIE3bl KPBIC PENMPOAYKTUB-
HOTO BO3pacra Iocjie 60-THEBHOH WHTOKCHKAI[UH
OpraHu3Ma TOJIYOJIOM U KOPPEKIIMH BBISABJIEHHBIX
W3MEHEHUU HACTOUKOM SXWHAIEW IypIlypHOH, a
TaK}Ke OIEHUTH JUHAMHUKY U CKOPOCTh MX BOCCTa-
HOBJIEHUA Yepes 7, 15, 30 u 60 THEH MocIe IpeKpa-
IeHUs BO3/IEUCTBUS N3y9aeMbIX (PaKTOPOB.

MATEPUAJIBI 1 METO/bI

IKCIIepUMeHTAIPHOE HCCJIeIOBAHNE IIPOBEJIEHO
Ha 120 I0JI0BO3PEJIBIX KPhICAX-CAMIIAX, C UCXOTHOM
Macco# Tesia 130—150 T, B cOOTBeTCTBUU ¢ «IIpaBu-
JlaMU IIPOBe/IeHNs paboT ¢ UCIOIb30BaAHNEM DKCIIe-
PUMEHTATbHBIX JKUBOTHBIX». JKHUBOTHBIX pasjie-
Jiwa Ha 4 rpymmnsl: rpymmna Tl mogsepraiach Bo3-
ZIeHiCTBHUIO IaPOB TOJIy0JIa B KOHIIEHTPAIUU 500 MT/
M3 B TeueHUe 60 THEH B pesKUMe 5 JTHEH B HEIEIIO ¢
8:00 70 13:00; rpynmna K — koHTposbHAsA (MHTAKT-
Hble JKUBOTHBIE, HAXOJUBIINeCS B CTaHJAPTHBIX
yesoBusax BuBapus); rpynma Tl + Eh — mocse Bo3-
JIECTBUS TIAPOB TOJIYOJIA JKUBOTHBIE IIOJIyYaIU
HACTOUKY SXUHAIIEW MyPIIypHOU B J103€ 200 MT/KT,
BHYTPIIKEJIYJIOUHO, 1 pa3 B CYTKH, B 14:00; Ipynna
Eh — KUBOTHBIE MOJIyYaii B aHAJIOTHYHOM PEKUMeE
HACTOIKY XUHAaIeu Oe3 BO3/eHCTBUSA TapaMH TOJIY-
osa. Yepes 60 JHEHN JKUBOTHBIX BHIBOJIVJIU U3 DKCIIE-
pUMeHTa Ha IEPBBIE, CeZIbMBbIE, IIATHAIAThIE, TPU/I-
matele W IIecTuziecsaTele cyTkH. lIluToBHAHYIO
JKejle3y U3BJIEKATIH BMECTe C TPaXxeoTOPTAHHBIM
KOMILIEKCOM, ITPOBOJIMJIA CEMapanuio J10yIeH, QuK-
CHUPOBAIN B 10% pacTBOope HeWTpanabHOTO ¢dopma-
JIMHA U MIOABEPTAJIN CTAHAAPTHOU TMCTOJIOTHUECKOU
mpoBogike. ['mcrosormueckrne Cpe3bl  TOJIIIUHOM

in homeostasis, and the thyroid gland itself is a tar-
get for toxic substances, the study of its structural
and functional organization under chronic toluene
inhalation exposure in over the maximum permissi-
ble concentration, taking into account the readapta-
tion period that has passed after discontinuation of
toxic exposure, seems relevant. Of interest, as a ther-
apeutic agent, is Echinacea purpurea, which has
been used for many years as an activator of adapta-
tion mechanisms and a stimulant of the body’s pro-
tective functions in order to increase the resistance
of cells under stress [2].

AIM OF THE RESEARCH

To study morphological changes in thyroid folli-
cles of reproductive-aged rats after a 60-day intoxi-
cation with toluene, and correction of the identified
changes with Echinacea purpurea tincture, as well
as to evaluate the dynamics and rate of the recovery
7, 15, 30 and 60 days after discontinuation of experi-
mental exposure.

MATERIALS AND METHODS

An experimental study was performed on 120
mature male rats with body weight of 130-150 g at
baseline, in accordance with the “Rules for Carrying
Out Work Involving the Use of Experimental Ani-
mals”. The animals were divided into 4 groups:
group Tl was exposed to toluene vapors at a concen-
tration of 500 mg/m3 for 60 days, 5 days a week
from 8:00 to 13:00 p.m.; group K — control (intact
animals kept in standard vivarium conditions);
group Tl + Eh — after exposure to toluene vapors,
the animals received Echinacea purpurea tincture
at a dose of 200 mg/kg, intragastrically, once a day,
at 14:00 p.m.; group Eh — the animals received
Echinacea purpurea tincture in a similar regimen
without toluene exposure. After 60 days, the ani-
mals were removed from the experiment on the 1%,
71 15% 30" and 60" days. The thyroid gland was
removed together with the trachea and larynx, the
lobes were separated, fixed in 10% neutral formalin
solution and a standard histological processing was
carried out. Sections of 3—5 um thickness, stained
with hematoxylin and eosin, were photographed in
magnification mode using a Plan 40x/0.65,
©/0.17 lens, Zoom 162 max and saved in TIFF for-
mat. Using a calibration file, the images were con-
verted to actual size. Then, the micrographs were
loaded into the Master of Morphology, program for
morphometric studies [3] and the areas (um?) of
follicles, colloid and follicular epithelium were
determined in six fields of view from six sections of
each organ. The follicular-colloid index was calcu-
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3—5 MKM, OKpallleHHble TeMAaTOKCWJIMHOM W 303HU-
HOM, doTorpadupoBaJi B pPeKUME YBEJINUYEHUs C
HCIIOJIb30BaHKeM o0bekTrBa Plan 40x/0.65, ©/0.17,
Zoom 162 max u coxpausiu B popmate TIFF. ITpu
IIOMOIIA KTMOPOBOYHOTO (hailyia u300pakeHus
MIEPEBOIVJINCH B PeaIbHBbIN pa3Mep. Jlajee MUKpPO-
¢ororpadpuu 3arpy’kasii B KOMIIBIOTEPHYIO IIPO-
rpaMmy i1 MOPGOMETPHUYECKUX HCCIIeI0BAHUH
Master of Morphology [3] u B 11ecTu mosisix 3peHust
HAa IIECTHU cpe3axX KaKOro OpraHa OIMpeiesIsiIu II0-
mayau (MKM2) GOJUTUKYJIOB, KOJUIOUIA U (POJUTHKY-
JIIpHOTO 3nuTeNusa. PoJTUKYIAPHO-KOJLIOUTHBIN
WHJIEKC PACCYNUTHIBAJIN KAK OTHOIIEHHE ILIOIIAJH
(hOJITUKYIIAPHOTO SIUTENNA K IIJIOMAIU KOJUIOU/IA.

[Tosnyuennsie 1udpoBbie JaHHBIE 06pabaThIBAIH
B mporpamme StatSoft Statistica v 10.0 ¢ mpumene-
HueM kputepueB CtbiojienTa u [Tupcona. Cratucru-
YeCKH 3HAYMMBIMU CUUTAJIA U3MEHEHUs C BEPOSAT-
HOCTBIO OITUOKU MeHee 5 % (p < 0,05). Cuity Biaus-
HUSI KOHTPOJUPYEMBIX (DAKTOPOB OIPENEIIsIH C
IIOMOIIbI0 OHO(GAKTOPHOTO AMCIIEPCUOHHOTO aHa-
ausa [4].

PE3YJ/IBTATDBI

[MudpoBble 3HAYEHUS HU3MEHEHUU ILIONIAJIEH
GoUKyI0B, KoJutowza, JSMUTenus u (GOIIUKY-
JIIPHO-KOJIJIOUTHOTO MH/IEKCA B TPYIIie KOHTPOJIS U
B TPYIIIIaX UCCIEIOBAHUS IPUBEIEHBI B TA0JI. 1.

Y KOHTDOJIPHBIX KUBOTHBIX ILIOIIAAb (QosIu-
KyJla 3aBUCHUT OT €r0 COCTaBJISIONIUX — TLJIOIIAIN
KOJIJTOW/Ia U IUIOWIQAY SUuTenus. Bce mapameTpsl
PaBHOMEDPHO YBEJIMUHUBAIOTCSA 110 Mepe B3POCJIEHUs
JKUBOTHBIX. DOJUTUKYIAPHO-KOJUIOUIHBIA WHAEKC
He 3aBUCHUT OT U3MEHEHHUH TIIONIAN (POJIHUKYIOB U
YMEHBIIIAETCS C BO3PACTOM.

B rpyme Tl mwomazs GoUIHKYIIOB TPAKTHYECKU
paBHO3HAUHA TaKOBOU B rpymIie K, yBesmumBasce ¢
TIEPBBIX T10 IIECTUIECATHIE CYTKH C 2034,83 + 41,73
J10 2561,84 + 84,90 mkm?. [Ipu 3TOM BHYTpHU DOIJLITH-
KyJla U3MeHsEeTCs COOTHOIIIeHNe KOJIJION/Ia U 3TIUTe-
sust. Tlnomaap KoJUIouaa 3a BeCh IIEPUO/T, HAbJIIo1e-
HUS BO3pACTaeT ¢ 1147,34 + 28,95 10 1374,01 + 59,05
MKM?2. JlaHHBIH TOKa3aTe b ObLT CTATUCTUYECKH 3HA-
YUMO BBIIIIE, YEM B TPYIEe KOHTPOJIsI, B TEPBBIN
MeCsII[ II0C/Ie 3aBepIIeHHsT 60-THEBHOTO BO3JEH-
cTBUs ToJsiyosia. Hambosiee BhIpakeHHbIE H3MeEHE-
HUS 110 IUIOIIAU KOJLTON/1a 3aUKCUPOBAHbI B IIEP-
BYIO HEJIeJII0 peasanTanuu. Ha mepBble CyTKU OHU
COCTaBUJIU 25,13 %, a Ha cefilbMble CYTKU — 23,49 %;
Ha ISITHAZIATBIE U TPHUAIAThIE CYTKU ITPOU3OIILIO
MMPaKTUYECKU JIBYKPaTHOE CHIIKEHHEe — Ha 12,22 U
10,89 % cooTBeTcTBeHHO. Ha miectujiecaTble CyTKU
pasnuuus B rpymnmnax Tl u K 6pIH CTaTHCTAYECKH
He3HAuuMbl. [Liomazp snuTesvs 3a BeCh MEPUOJ

lated as the ratio of the follicular epithelium area to
the colloid area.

The digital data obtained were processed in Stat-
Soft Statistica v 10.0 using Student’s and Pearson’s
tests. Changes with an error probability of less than
5% (p < 0,05) were considered statistically signifi-
cant. The strength of influence of the factors studied
was determined using the one-way analysis of vari-
ance (ANOVA) [4].

RESULTS

The figures of changes in the areas of follicles, col-
loid, epithelium and the follicular-colloid index in
the control group and in the experimental groups are
given in Table 1.

In control animals, the follicle area depends on its
components — the colloid area and the epithelium
area. All the parameters increase uniformly as the
animals grow older. The follicular-colloid index does
not depend on changes in the follicle area and
decreases with age.

In the Tl group, the follicle area was virtually
equal to that in the K group, increasing from the 1 to
the 60™ day from 2034,83 + 41,73 to 2561,84 + 84,90
um?2. At the same time, the colloid-epithelium ratio
inside the follicle changed. The colloid area increased
from 1147,34 + 28,95 t0 1374,01 + 59,95 um? over the
entire observation period. This parameter was statis-
tically significantly higher than in the control group
in the first month after discontinuation of a 60-day
toluene exposure. The most pronounced changes in
the colloid area were recorded in the first week of
readaptation. On the 1 day they amounted to
25,13%, and on the 7% day — 23,49%; on the 15" and
30™ days there was an almost two-fold decrease — by
12,22 and 10,89%, respectively. On the 60™ day, the
differences in the Tl and K groups were statistically
insignificant. The epithelium area increased from
887,49 + 19,15 to 1187,83 + 33,74 um? throughout
the experiment, which was significantly less than in
the control group throughout the experiment. The
most pronounced changes were also recorded in the
first week after discontinuation of toxic exposure.
The difference for the epithelium area was 21,04 and
21,37% on the 1% and 7™ days, respectively; on the
15" day — 14.84%. On the 30t and 60% days, the epi-
thelium area remained decreased — by 9,70 and
8,34%, respectively (Fig. 1).

The follicular-colloid index was decreased
throughout the experiment, also, with the maximum
differences in the first week after discontinuation of
intoxication. On the 1tand 7 days, it was 0,77 + 0,02
and 0,75 + 0.02, respectively, which is 36,88 and
36,52% lower than in the control group. On the
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Ta6smua 1. sMeHeHue muouaziel GoJUIMKY/I0B, KOJJIOU/A, SNUTENUs U GOJIMKYJISAPHO-KOJJIOUAHOTO HH/IEKCa B TPyIIIIe
xoHTpoJiA (K) 1 nocse 60-gHeBHOrO Bo3/elicTBUA mapamu TosyoJa (T1), saxunanen (Eh) u Tosyona c sxunaneett (T1 + Eh)

(M £m)

Table 1. Changes in the areas of follicles, colloid, epithelium and the follicular-colloid index in the control group (K) and after
60 days of exposure to toluene (T1), Echinacea purpurea (Eh) and toluene + Echinacea purpurea (T1 + Eh) (M £ m)

Cpoku (cyTKH)

Day K (n=30) Tl (n = 30) Eh (n = 30) Tl + Eh (n = 30)
[nowazae dpostukyna (mkm?) / Follicle area (um?)
l-e/ 1 2040,90 + 36,25 2034,83 +41,73 2120,16 + 24,34 2053,13 + 16,66
7-e /7" 2155,29 + 28,32 2138,02 + 37,26 2246,77 + 42,82 2126,80 + 30,05
15-e / 15% 2438,43 + 26,75 2386,10 + 25,50 2682,62 + 48,24* 2428,12 + 35,68
30-e / 30" 2442,18 + 21,06 2441,33 + 49,17 2606,78 + 59,57* 2315,30 + 44,35*
60-e / 60" 2653,24 + 47,93 2561,84 + 84,90 2759,02 + 34,90 2519,78 + 34,84*
[Inouazap kostouza (Mkm?) / Colloid area (um?)
l-e/ 1 916,92 + 20,20 1147,34 + 28,95* 800,85 + 26,37* 1057,31 + 20,05**
7-e /7" 988,34 + 29,71 1220,50 + 31,92* 877,47 £3 7,50* 1083,62 + 21,18**
15-e / 15% 1143,84 + 26,50 1283,62 +21,18* 1179,98 + 33,12 1267,92 £ 15,29*
30-e /30" 114598 + 27,74 1270,82 + 20,28* 1204,16 + 45,10 1094,14 + 33,66*
60-e / 60" 1357,34 + 52,55 1374,01 + 59,95 1366,11 + 21,70 1286,17 + 32,21
[lnomazab sanutenus (Mkm?) / Epithelium area (um?)
l-e /1 1123,98 £ 22,51 887,49 + 19,15* 1319,31 + 26,70* 995,82  23,26**
7-e /7% 1166,95 + 30,12 917,52 £ 13,02* 1369,29 + 47,67* 1043,18 + 20,42**
15-e / 15% 1294,59 + 25,43 1102,49 + 23,23* 1502,64 * 26,67* 1160,20 + 29,78*
30-e /30™ 1296,20 + 22,72 1170,50 * 37,55* 1402,63 * 28,53* 1221,16 £ 11,89*
60-e / 60" 1295,90 + 7,63 1187,83 + 33,74* 139291 * 30,66* 1233,62 + 26,31*
DosnukynspHo-kotonaHbINA uHaekc / Follicular-colloid index
l-e /1% 1,23+0,03 0,77 £ 0,02* 1,66 +0,08* 0,94 + 0,04**
7-e /7" 1,19+ 0,06 0,75 £ 0,02* 1,58+0,11* 0,96 £ 0,03**
15-e / 15% 1,14 + 0,04 0,86 +0,03* 1,28 + 0,04* 0,92 +0,02*
30-e / 30" 1,14 + 0,04 0,92 +0,03* 1,17 £ 0,04 1,12 £0,03*
60-e / 60" 0,96 + 0,04 0,87 + 0,03 1,02 £ 0,03 0,96 + 0,04

* CTaTHCTUYECKH 3HAaYMMble u3MeHeHud (p < 0,05) npu cpaBHeHuu Mexay rpynnamu T1, Eh, Tl + Eh u K.
Changes are (p < 0,05) statistically significant when compared between groups Tl, Eh, Tl + Eh and K.

# CTaTucTHYeCKH 3HaYMMble n3MeHeHus (p < 0,05) npu cpaBHeHun Mexay rpynnamu Tl + Eh u TI.
Changes are (p < 0,05) statistically significant when compared between groups T1 + Eh and TL

HabsoieHust yBeauunBaercsa ¢ 887,49 + 19,15 710
1187,83 + 33,74 MKM?, YTO JJOCTOBEPHO 3HAUUTEJIHHO
MeHbIIle, YeM B KOHTPOJIBHOU TPyIIle, B TeUEHHE
Bcero nepuoja Habmofenuii. Hanbosiee BbIpaskeH-
HbIE U3MEHEHUs TaKKe 3a(DUKCUPOBAHbBI B TIEPBYIO
HEJIeJII0 TIOCJIE 3aBepIleHus HeOJIarompusaTHOTO
BO3JIeHCTBHUA. Pa3HUIIA II0 MOKA3aTEI0 «ILJIOIIAh
SIIUTEJIUSI» COCTaBUIA 21,04 U 21,37 % Ha IepBbIe U
ce/lbMble CYTKU COOTBETCTBEHHO; Ha IATHA/IAThIe
CyTKU — 14,84 %. Ha Tpuanarbie U 1IECTUIECATHIE
CYTKH IUIONIA/Ib SIUTEUs OCTAETCS CHI)KEHHOU —
Ha 9,70 1 8,34 % cOOTBETCTBEHHO (pHC. 1).
DOLTUKYISIPHO-KOJIJTOUAHBIA UH/IEKC ObLT CHU-
JKEH B T€UEHHe BCEero mepuoyia HabJIIIeHNH, ¢ MaK-
CHMYMOM Pa3JINUHNi TAKXKe B IEPBYIO HEJIEITIO ITOCTIE
3aBepIIeHNsI THTOKCUKAIUK. B 1mepBble U cebMbie
CYTKH OH COCTaBHJI 0,77 + 0,02 1 0,75 + 0,02 COOT-
BETCTBEHHO, 4TO Ha 36,88 u 36,52 % HiKe, UeM B

15" and 30t days of the experiment this parameter
slightly increases — to 0,86 + 0,03 and 0,92 + 0,03,
respectively, but in comparison with the control
group it remains decreased by 24,24 and 18,85%,
respectively. On the 6oth day the follicular-colloid
index is 0,87 + 0,03, which had no statistically sig-
nificantly differences in comparison with the control
group. In the TI group, the correlations between the
parameters studied are similar to those in group K
(Table 2). However, it should be noted that the rela-
tionship between the follicle area and the colloid area
increases slightly and is r, =092, and between the
follicle area and the epithelium area decreases to
r,=0,79. There is also a moderate direct correlation
between the colloid area and the epithelium area
(rxy = 0,48). A negative correlation (r_ = -0,61), asin
the control group, was revealed between the follicu-
lar-colloid index and the colloid area; a moderate
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Puc. 1. zmenenus (%) mwiomaneit kosonsa (S_C), suurenus (S_Ep) u ¢osutukysos (S_F) nmociie Bo3aencTBus
TOJIyOJIa B CPABHEHUU C IPYIIION KOHTPOJIs (¥CTaTUCTUYECKH 3HAUMMBbIE PA3JIMYUS [10 CPABHEHUIO C TPYIIIIONA KOHTPOJIA)
Fig. 1. Changes (%) in the areas of colloid (S_C), epithelium (S_Ep) and follicles (S_F) after toluene exposure compared

to the control group (differences are statistically significant (p < 0,05) when compared to the control group)

rpymme KoHTposiss. Ha msaTHaAIAThie W TPUALIATHIE
CYTKU HaOJII0/IEHUH JIAaHHBIN IT0Ka3aTeb HECKOJIBKO
BO3pacTaeTr — /10 0,86 + 0,03 u 0,92 + 0,03, HO B
CpaBHEHUH C KOHTPOJIEM OCTAETCS CHUKEHHBIM Ha
24,24 u 18,85 % cooTBeTcTBEeHHO. Ha 11ectuzecsaToie
CyTKH (OJUTUKYJISIPHO-KOJUIOU/THBIN MHEKC PaBeH
0,87 + 0,03, YTO CTATUCTUYECKHN 3HAUMMO HE OTJIU-
Yaercs OT rPyIIbl KOHTpoJisa. B rpymme Tl koppests-
[IMOHHBIE B3AUMOCBS3H MEXY HCCJIE/lyeMbIMHU ITapa-
MeTpaMM AaHaJIOTUYHBI TaKOBBIM B rpymme K
(tabs. 2). OgHako HEOOXOJMMO OTMETHTb, UTO
MEK/Ty IUIOIIA/IbI0 (hOJUTHUKYJIIA U TJTOIIABI0 KOJLJIO-
WJla B3aUMOCBSI3b HECKOJIBKO BO3pACTaeT U COCTaB-
JA€T I = 0,92, a MEXK/Y IUIOMazbio QOJUIHKYIa U
IJIOIIAZBIO SIUTEINA CHUMKAETCA 10 ', = 0,79.
MexKy IIOIa/IbI0 KOJJIOU/1A U IJIONIA/IhI0 DITUTETHS
TaK}Ke IPUCYTCTBYET YMEpPEHHAas MpsiMas B3aUMOC-
BA3b (rw = 0,48). BrlsiBNIeHA OTpUIlaTe/IbHAsA CBA3h
(rxy = —0,61), KaKk U B TPYIIeEe KOHTPOJs, MEXKIY
(P OJUTUKYIAPHO-KOJUTOUHBIM HHIEKCOM M ILIOIIA-
JIbI0 KOJUJIOWJIA, YMEpPEeHHas IOJIOKUTEIbHAA CBA3b
(r,, = 0,40) — Mexy HOIUIMKYIAPHO-KOTIOU/HBIM
WH/IEKCOM H IO b0 STTUTEIIHS U OTPHUIATeIbHAS
cBsisb (r, = —0,24) — Mexay (OIUIMKYIAPHO-
KOJUIOUTHBIM WH/IEKCOM U TJIOIA/bI0 (DOJIIHKYJIA.
[TosyueHHBIE JAaHHBIE TOATBEPIKAAIOT PE3YJIbTATHI
01HO(MAKTOPHOTO JINCIEPCHOHHOTO aHAJIM3a BJIUA-
HUSA XPOHUYECKONW WHTOKCHUKAIIUU TOJIyOJIOM Ha
uceeayeMble apaMmeTpsl (Tabist. 3). YcraHOBJIeHA
BBICOKAsA CWJIA BJIUSAHHUSA TOJIyoJIa HAa WU3MEHEHUs
mwiIowmaau Kowionaa (91,45 %), suurenus (94,06 %)
" QOJUTHKYISPHO-KOJUIOUTHOTO UHAeKca (97,87 %)
(Tabi. 3).

positive correlation (rxy = 0,40) — between the follic-
ular-colloid index and the epithelium area, and a
negative correlation (rxy = —0,24) between the follic-
ular-colloid index and the follicle area. The data
obtained confirm the results of the one-way ANOVA
of the effect of chronic toluene intoxication on the
studied parameters (Table 3). A strong influence of
toluene on changes in the areas of colloid (91,45%),
epithelium (94,06%) and the follicular-colloid index
(97,87%) was found (Table 3).

Changes in the Eh group are presented in our pre-
vious paper [2]. In the T1 + Eh group, the follicle area
increases from the 1% to the 60" day from
2053,13 + 16,66 to 2519,78 + 34,84 um? (Table 1).
When compared with the K group, statistically signifi-
cant differences were recorded only on the 30" and
60" days: this parameter was 5,20 and 5,03% lower,
respectively, than in the control group. When compar-
ing this parameter between the T1 + Eh and Tl groups,
statistically significant differences were not found.
Throughout the experiment, the colloid area increases
from 1057,31 + 20,05 to 1286,17 + 32,21 um?. In com-
parison with the control group, this parameter was
statistically significantly higher on the 1%, 7% and
15" days of the experiment — by 15,31, 9,64 and
10,85%, respectively. At the same time, in comparison
with the groups that did not receive Echinacea pur-
purea, a decrease in this parameter is noted. Statisti-
cally significant differences were revealed on the 1%, 7
and 3o™ days — by 7,85, 11,22 and 13,90%, respec-
tively. The epithelium area from the 1 to the 60" days
increases from 995,82 + 23,26 t0 1233,62 + 26,31 um>.
The data obtained are lower than the control group
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Ta6una 2. KoppensiuoHHble CBA3W MeX/y TapaMeTPaMH B IPYIIIe KOHTPOJISA U 3KCIIepUMEHTaIbHbIX TPyIIIax
Table 2. Correlations between parameters in the control and experimental groups

KonTtpouis / Control Tosyos / Toluene

K S_C S_Ep S_F FCI Tl S_C S_Ep S_F FCI
S_C 1 S_C 1

S_Ep 0,44 1 S_Ep 0,48 1

S_F 0,83 0,87 1 S_F 0,92 0,79 1

FCI -0,59 0,47 -0,04 1 FCI -0,61 0,40 -0,24 1
dxuHaues / Echinacea purpurea Tostyou1 + axuHaues / Toluene + Echinacea purpurea
Eh S.C S_Ep SF FCl Tl + Eh S.C S_Ep SF FCl
S_C 1 S_C 1

S_Ep -0,58 1 S_Ep -0,71 1

S_F 0,45 0,47 1 S_F 0,21 0,54 1

FKI -0,93 0,84 -0,08 1 FKI -0,92 0,93 0,20 1

Ipumeuanue. K- rpynna kourposs; S_C - miomaab koanonsa; S_Ep - miomans anutenus; S_F - miomaab ostukyna; FCI -
dosuKynsipHO-KoOUAHBIN UHAEKC; Eh - axuHanes.
N o t e . K- control group; S_C - colloid area; S_Ep - epithelial area; S_F - follicle area; FCI - follicular-colloid index; Eh - Echinacea purpurea.

N3menenuss B rpynme Eh mpeacraBieHsl B
Haire# npeapiayineit pabore [2]. B rpynne T1 + Eh
IUIOMAAh (HOJUIUKYJIOB YBEJIUUUBAETCA C TEPBBIX
1o IeCcTUjlecsAThle CyTKU € 2053,13 + 16,66 10
2519,78 + 34,84 Mxm? (cM. Tab:1. 1). [Ipu cpaBHeHUU
¢ rpynmoi K craTucTUYecKy 3HAYUMBbIE Pa3IAdHs
ObUTH 3aPUKCUPOBAHBI TOJIBKO HA TPUALATBIE U
[IIeCTU/IECAThIE CYTKH — Ha 5,20 U 5,03 % COOTBET-
CTBEHHO JIaHHBIA IIOKa3aTesb ObLI HIDKE, YEM B
rpyiie KOHTpoJis. [Ipyu cpaBHEHUU TaHHOTO MTOKa-

values on the 1%, 7" and 15" days — by 11,40, 10,61 and
10,38%, respectively. On the 30" and 60™ days, the
extent of changes decreases to 5,79 and 4,81%, respec-
tively. Compared with the Tl group, this parameter
was higher throughout the experiment, especially on
the 1% and 7" days — by 12,21 and 13,70%, respectively.
The follicular-colloid index changes similarly to the
previous parameter. On the 1%, 7" and 15" days, this
parameteris 0,94 + 0,04, 0,96 + 0,03 and 0,92 + 0,02,
respectively, which is lower than in the control group

Ta6siuna 3. Pe3ybTaThl 04HOGAKTOPHOrO JUCIEPCHOHHOTO aHAIN3a BJAUSIHHUS XPOHHUYECKON HHTOKCHKALIMH TOJIYOJI0M Ha
uccieyeMble TapaMeTphl
Table 3. Results of the one-way ANOVA of the effect of chronic toluene intoxication on the studied parameters

Iloka3aTtesnb / Parameter F e/ Fexie h h*xm?

S_C.TI 51,12* 4,96 0,9145 0,836 £ 0,164
S_C_Eh 14,65* 4,96 0,7709 0,594 £ 0,041
S_K_Tl+ Eh 7,84* 4,96 0,6629 0,439 + 0,056
S_Ep_Tl 76,84* 4,96 0,9406 0,885+0,011
S_Ep _Eh 37,54* 4,96 0,8886 0,789 £ 0,021
S_Ep_Tl + Eh 15,52* 4,96 0,7798 0,608 £ 0,039
S F.TI 0,014 4,96 0,0380 0,001 £ 0,099
S_F_Eh 3,95 4,96 0,5323 0,283 +£0,072
S_F_TI+Eh 0,019 4,96 0,1397 0,019 £ 0,098
FCI_TI 226,88* 4,96 0,9787 0,958 + 0,004
FCI_Eh 29,37* 4,96 0,8637 0,746 £ 0,025
FCLT] + Eh 19,70* 4,96 0,8144 0,663 +£0,033

IpuMevaHnusda. F- oTHoleHUe JUcnepcui; F o — TabJM4HOE 3Ha4YeHHue; h - KoppesAlNMOHHOe OTHoIeHue; h® £ m,* - KBajpar
KOPPEeJISIIMOHHOT0 OTHOLIEHUs U ero cpeiHss omunoka; S_C - mioma/b Koonaa; S_Ep - mowmaae snutenust; S_F - miowmaas Gosinkyna;
FCI - dosnnukynsspHo-KoJIOUAHbIH uHAEKC; T1 - rpynna Tosyosa; Eh - rpynna axuHaneu.

* CTaTHCTHYeCKast 3HAYUMOCTDb pasanduil Mexay F u F kput.

N o t e . F-variance ratio; F_, - critical value; h - correlation ratio; h* + m,* - square of the correlation ratio and its mean error; S_C - colloid
area; S_Ep - epithelial area; S_F - follicle area; FCI - follicular-colloid index; T1 - toluene group; Eh - Echinacea purpurea group.
* Statistical significance of differences between F and F

crit”
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3aresiss Mmexkay rpynmnamu Tl + Eh u Tl cratuctuue-
CKH 3HAUYMMBIX Pa3Jnuuuil 3aUKCHPOBAHO HE
6nL10. Tln01maAp KoJTOUIa 3a BeCh IePHOoy, HabJIr0-
JleHUs Bo3pacTaeT ¢ 1057,31 + 20,05 0
1286,17 + 32,21 MKM>. B cpaBHeHUU ¢ KOHTPOJIEM
JIAaHHBIN IMOKa3aTeJIb CTATUCTHYECKH 3HAUUMO ObLI
BBIIIIE HA IIEPBbIE, CEIbMbIE U IATHA/IAThIE CYTKH
9KCIIEpUMeHTa — Ha 15,31, 9,64 u 10,85 % cooTBeT-
cTBeHHO. IIpu 3TOM, B CpaBHEHHH C TPYyNIIaMU, HE
MMOJIYYaBIIUMU SXHHAIEI0, OTMeYaeTcs CHUXKEHHE
maHHoro mapaMerpa. CTaTHCTUYECKH 3HAUYNMBbIE
pasuuMs YCTAHOBJIEHBI HA IEPBBIE, CEebMbIE U
TpUALIATHIE CYTKU — Ha 7,85, 11,22 1 13,90 % COOT-
BETCTBEeHHO. ILiomanp SHUTENTUs] C IEPBBIX II0
IIIECTU/IECSAThIE CYTKH BO3pAcCTaeT ¢ 995,82 + 23,26
0 1233,62 + 26,31 MkM>. IlosiyyeHHbIE JTaHHBIE
HUKe 3HAUEHUH KOHTPOJIbHOU TPYIIIIBI HA TIEPBEIE,
ceZIbMble U MATHAIIAThIE CYTKU — Ha 11,40, 10,61 &
10,38 % coorBeTcTBeHHO. Ha TpuAIiaTeie 1 1MIECTU-
JIeCSIThIe CYTKH BBIPA’KEHHOCTh U3MEHEHUH YMEHb-
maeTcs 710 5,79 u 4,81 % cooTBeTcTBEHHO. B cpaB-
HeHun c¢ rpynmo# Tl gaHHBIE OKa3aTesab ObLI
BBIIIIE B TEUEHHE BCETO MEPHO0a HAOTIOAEeHHs, 0CO-
OEHHO Ha IEepBBbIE U CEJbMbIE CYTKU — HaA 12,21 U
13,70 % COOTBETCTBEHHO. DOJITHKYISAPHO-KOJLIO-
UIHBINA UHAEKC U3MEHAETCS aHAJIOTHYHO MPeAbIIy-
meMy rmapaMmerpy. Ha mepsbie, ceZibMble U TSTHA/I-
IaThle CYTKHA JIAaHHBIM II0Ka3aTelb COCTABJIAET
0,94 + 0,04, 0,96 + 0,03 1 0,92 + 0,02 COOTBET-
CTBEHHO, YTO HHUJKE, UeM B I'DYIIIe KOHTPOJISA, Ha
23,04, 18,78 u 19,39 % coorBercTBeHHO. Ha Tpua-
1aTble W IIMECTU/IECSAThIE CYTKH 3HAYEHHsS DTOTO
MMOKa3aTeJsisl MPUOIMKAIOTCS K KOHTPOJIbHBIM. [Ipu
cpaBHEHUH (HOJUTHKYJISIPHO-KOJIJIOUTHOTO UHJIEKCA
B rpynnax Tl + Eh u Tl ormeuaeTcst ero moBbllieHe
B T€UEHHE BCETO Mepuoja Hab oeHus. CTaTUCTH-
YeCKH 3HAYMMble U3MEHEHHs OTMEUYEHBbI Ha Iep-
BbI€, CeIbMbIE U TPUAIIAThIE CYTKH — HA 21,93, 27,94
u 21,50 % coorBercTBeHHO. B rpymnme Tl + Eh xop-
PEeJISAIIMOHHBIE CBABU MEXY HCCIIEelyeMbIMU I1apa-
MeTpaMHi aHAJOTHYHBI TAaKOBBIM B rpymie Eh (cm.
Tabs1. 2). CWIbHasA OTPUIIATEIbHAS CBSI3b YCTAHOB-
JieHa MeXAy (GOJUTHKYJISIPHO-KOJIJIOUTHBIM HHJIEK-
COM M IUIOIA/bI0 Kostonza (r, = —0,92), a CUJIb-
Hasl TOJIOKUTEJIbHAS CBsA3Bh — MEXAY (GOJIHKY-
JIIPHO-KOJUIOWTHBIM MHIIEKCOM U TLJIOIIA/IbI0 BITH-
Tenus (r, = 0,93). U yeusuBaercst oTpunaTesbHast
CBSI3b MEXK/Y IUIOIIAABI0 KOJUIOWJA U TLIOINAbIO
SIIUTEINS (rxy = —0,71). OHODAKTOPHBIN JUCIIED-
CHOHHBIH aHaIW3 IOKa3aJl, YTO OJHOBPEMEHHOE
BO3JIEHCTBHE TOJIY0J1a U DXWHAIIEH BIUSET Ha U3Me-
HeHUs IIoIaau Kostousa (Ha 66,29 %), suuTenus
(ma 77,98 %) u GOIHKYIIPHO-KOIOUTHOTO
ungekca (ua 81,44 %) (cm. Tabi. 3).

by 23.04, 18,78 and 19,39%, respectively. On the 30th
and 60th days, the values of this indicator approach
the control ones. When comparing the follicular-col-
loid index in the Tl + Eh and Tl groups, its increase is
noted throughout the experiment. Statistically signifi-
cant changes are revealed on the 1%, 7 and 30t days —
by 21,93, 27,94 and 21,50%, respectively. In the
Tl + Eh group, the correlations between the parame-
ters are similar to those in the Eh group (Table 2).
A strong negative correlation was found between the
follicular-colloid index and the colloid area
(rxy = —0,92), and a strong positive correlation —
between the follicular-colloid index and the epithe-
lium area (rxy = 0,93). And a negative correlation
between the colloid area and the epithelium area
strengthens (rxy = —0,71). The one-way ANOVA
showed that the simultaneous toluene and Echinacea
purpurea exposure affects the changes in the colloid
area (by 66,29%), epithelium area (by 77,08%) and
the follicular-colloid index (by 81,44%) (Table 3).

DISCUSSION

The results obtained during our study confirm
and complete the previously presented data on the
qualitative and quantitative structural changes in the
thyroid gland in rats after a 60-day toluene intoxica-
tion [5]. The changes revealed indicate a decrease in
functional activity of the thyroid gland, which is
associated with adverse effects caused by epoxy res-
ins, which were composed of toluene since their
metabolites trigger a chain of free-radical processes
and launch the development of oxidative stress, lead-
ing to damage to cellular structures [6]. According to
Morozov and Luzin [7], toxic factors enhance lipid
peroxidation, free radical formation and activate the
expression of apoptosis-related genes. Maximum
changes are observed by the end of the second month
of intoxication, which is comparable with the results
after a 60-day exposure to other toxicants, such as
epichlorohydrin [6] and sodium benzoate [7]. At the
same time, according to [8], after discontinuation of
toxicant exposure, thyrocytes are able to recover
their morphofunctional state partially or completely,
which is confirmed by the results of the present
study. Previously, it was shown that Echinacea pur-
purea stimulates secretory function of the thyroid
gland without structural disorganization and cell
damage [2]. We found that for such a parameter as
the follicle area, in rats from the Echinacea pur-
purea + toluene exposure group, compared with ani-
mals that did not receive Echinacea purpurea, dif-
ferences were insignificant throughout the experi-
ment. Apparently, this is due to the fact that the
herbal preparation stimulates the growth of follicu-
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OBCYKAEHUE

[TosyueHHbIE B JAaHHOH paboTe Pe3yIbTaThI IO~
TBEPIK/IAIOT U JIOMOTHAIOT IIPE/ICTABJIEHHbIE PaHee
JIaHHBIE O KAYeCTBEHHBIX U KOJINUeCTBEHHBIX CTPYK-
TYPHBIX IpeoOpa30BaHUAX IIUTOBUIHOHN »KeJie3bl
KpBIC IIOCJIE 60-ZHEBHOW HHTOKCHUKALIMU TOJIYO-
goMm [5]. BblABIEHHBIE U3MEHEHHUsS CBU/ETeJb-
CTBYIOT O CHIDKeHUU QYHKITMOHAIBHOU aKTHBHOCTH
IIUTOBU/THOU JKEJIE3BI, UTO CBSI3AHO C IOBPEK/IAIO-
UM JleficTBHEM 3IIOKCUHBIX CMOJI, B COCTaB KOTO-
PBIX BXOZUT TOJIYOJI, TAK KaK MPOIAYKTHI UX METa00-
JIM3Ma aKTUBHUDYIOT LEelb CBOOOIHOPAAMKAIBHBIX
IIPOIIECCOB U MOTEHIUPYIOT Pa3BUTHE OKCHATHUB-
HOTO CTpeCca, MPUBOSAIIETO K IOBPEK/EHUAM KJle-
TOYHBIX cTPYKTYp [6]. I[To nanaemM B.H. Mopososa
u B.U. JlysuHa [7] Tokcuueckue aKkTOphI YCUIIH-
BaIOT IePEKHCHOE OKUCJIeHHE JUIU/IOB, 00pa3oBa-
HHe CBOOOMHBIX PAJIUKAJIOB M AKTUBUPYIOT DKC-
[IPeCCHI0 I'eHOB, OTBETCTBEHHBIX 32 IIPOIIECCHI AIIOTI-
To3a. MakcuMasibHble CABUTH HAOJIIONAIOTCI K
KOHITy BTOPOTO MeCSIa WHTOKCHKAIUU, UTO COIIO-
CTaBUMO C pe3yJbTaTaMH, IOJyYeHHBIMU II0CJIe
60-CyTOYHOT'O BO3/IENCTBUA U IPYTUX TOKCUUECKUX
(akTOpOB, TAaKUX KaK SMUXJIOPTUAPUH [6] u GeH-
30aT HaTpus [7]. IIpu aToM, 1o AaHHBIM [8], TOCTE
OTMEHBI JEHCTBUS TOKCUYECKOTO (paKTopa THUPO-
OUTHl CIOCOOHBI BOCCTAHABJIMBATH CBOE MOPGO-
(pyHKITMOHAIBPHOE COCTOSIHME YACTHUYHO WJIN II0JI-
HOCTBIO, UTO IOATBEPIKAAIOT PE3YJIbTAThl HACTOS-
Iero uccieoBaHuA. Panee ObLIO YCTaHOBJIEHO,
YTO HXUHAIES CTUMYJINPYET CHHTETUIECKYIO aKTHB-
HOCTHh IIUTOBUIHOHN »Keyie3bl 06e3 HapyIlIeHUs ee
CTPYKTYPHOU OPTaHU3AINHU U TOBPEXKAEHUS KIETOK
[2]. B manHoO# paboTe MbI BBISABUJIN, YTO B OTHOIIIE-
HUHM TAKOTO IOKa3zaTesisl, KaK IUIOMaAb (hOJITUKY-
JIOB, ¥ KPBIC, KOTOPBIM BBOJWJIN SXUHALEI0 HA (OHE
BO3/IEHCTBHA TOJIY0JI1a, B CDABHEHHUH C KUBOTHBIMH,
He TOJIyYaBIIMMU KOPPEKTOp, Pa3juuus ObLIH
HEeJIOCTOBEPHBIMHY B TE€UEHHE BCETO IEPHO/IA HADITIO-
ZeHusA. Bupmmo, 3To CBA3aHO ¢ TeM, YTO IIpemapar
CTUMYJIUPYET POCT (GOJUTUKYIAPHOTO SIUTETUS U
VCIUIMBAeT pe30pOLHI0 KOJIONAA, O YeM CBHJIe-
TeJIbCTBYIOT CTATUCTUUECKU 3HAUNMOEe yBeJInueHue
IJIOIIAAY DIIUTEJINSA U YMEHbIIIeHNe TIIOIIAIN KOJI-
Jionusia. 3a CUeT STUX B3aNMMOCBSI3aHHBIX IIPOIECCOB
obmras maomanb GOUTUKYIOB OCTAETCS MOCTOSH-
HOH. II3MeHeHUs COXPAHSIIOTCSA B Te€YEHUE TIEPBOTO
MecsIa II0C/Ie 3aBEPIIEHUsS JKCIIEPUMEHTATHHBIX
BO3/IEHCTBUH, a K KOHILy BTOPOTO MecsIia Bce IoKa-
3aTead MPUOJIMIKAIOTCI K KOHTPOJIBHBIM 3Hade-
HUSM, YTO MOXKET CBUJIETEJILCTBOBATH O CTAOMIIH3a-
IIUHM U3y4aeMbIX CTPYKTYP, BOCCTAHOBJIEHUU (PYHK-
MU TUPOITUTOB ¥ TOPMOHAJIBHOTO OayiaHca. DXUHa-
mes MypIypHas o00JafaeT IPOTEKTOPHBIM JIei-

lar epithelium and enhances colloid resorption, as
evidenced by a statistically significant increase in the
epithelium area and a decrease in the colloid area.
Because of these interrelated processes, the total fol-
licle area remains constant. The changes persist for
the first month after discontinuation of experimental
exposure, and by the end of the second month, all
parameters approach the control values, which may
indicate stabilization of the structures studied, recov-
ery of thyrocyte function and hormonal balance.
Echinacea purpurea has a protective effect and ame-
liorates endocrine changes in the hypothalamic-pitu-
itary-thyroid axis induced by chronic inhalation
exposure to epoxy resins [9]. Histomorphometric
evaluation of thyroid follicles will allow predicting
the risks of developing endocrine disorders and com-
plications during recovery after long-term exposure
to toxic agents emitted into the air [10].

CONCLUSION

Morphological changes in thyroid follicles of mature
rats after chronic intoxication with toluene vapors at a
concentration of 500 mg/ms3 indicate a decrease in the
functional activity of the organ. The colloid-epithelium
ratio in the follicles changes. The maximum differences
were revealed during the first week after discontinua-
tion of toxic exposure — the colloid area increases by
25,13%, the epithelium area decreases by 21,37%, the
follicular-colloid index decreases by 36,88%. The
strength of the effect of toluene on all parameters is
above 90%. In daily administration of Echinacea pur-
purea at a dose of 200 mg/kg amid toluene exposure,
the growth of follicular epithelium and colloid resorp-
tion, influencing the follicular-colloid index, enhances
(rxy = 0,93 and r,=-092, respectively). The effect of
the herbal preparation persists for a month after dis-
continuation of experimental exposure — the colloid
area decreases by 13,90%, and the follicular-colloid
index increases by 21,50% compared to groups of rats
that did not receive Echinacea purpurea tincture dur-
ing toluene intoxication.

Thus, experimental evidence of the effectiveness
of Echinacea purpurea administration in chronic
toxic pollutant exposure will contribute to the expan-
sion of its use for medical and preventive purposes,
in the combined treatment of endocrine diseases and
to increase the tolerance, resistance and adaptive
potential of the body to the action of exogenous
agents, in disorders both in the peripheral endocrine
organs and in cell membranes and structural compo-
nents of different cells of the body.

Conflict of interest. The authors declare no
conflict of interest.
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CTBMEM W HOPMAaJIM3YET SHAOKPUHHbIE U3MEHEHUS
[0 THIIOTAJIaMO-THIIO(PU3APHO-TUPEOUTHON OCH,
WHYIUPOBAHHBIE XPOHUUYECKUM HHTAJISIIIHOHHBIM
BO3/IECTBUEM SIOKCUHBIX ¢cMoJI [9]. T'mcTtomop-
domerpuueckoe rcciesoBanue POTUKYIIOB IITUTO-
BUIHOU KeJIe3bI II03BOJIUT CITPOTHO3UPOBATH PUCKH
Pa3BUTHS SHAOKPUHHBIX HAPYIIEHUH U OCJIOXKHE-
HUI B IIpoIlecce BOCCTAHOBJIEHUS OPTaHU3Ma ITOCIe
JUTUTEIBHBIX BO3/IECTBUY TOKCUKOAT€HTOB, BHIOpA-
ChIBAaEMBIX B BO3JIyIIHYIO cpexay [10].

3AK/JIOYEHUE

Mopdonoruueckre wusMeHeHUs (OJIIUKYIIOB
IUTOBHUTHOMN KeJIE3bI IMOJIOBO3PEJIBIX KPBIC ITOCTIE
XPOHHUYECKOW WHTOKCHUKAIIMK IapaMH TOJIyoja B
KOHITEHTpAIIUK 500 MT/M3 CBU/IETEICTBYIOT O CHU-
JKeHUH  (QYHKIIMOHAJIBHON aKTUBHOCTH OpraHa.
B dosnkynax u3meHseTca COOTHOIIEHHE KOJLIO-
uaa u dnuTesus. MakCUMyM pa3jImduil yCTaHOBJIEH
B TeUyeHUE IEePBON HENEeJH II0C/Ie 3aBepIIeHUs
HeOJIarONPUATHOTO BO3AEUCTBUSA — IJIOMIA/h KOJI-
JIOU7Ia YBEJIMUYUBAETCSA Ha 25,13 %, IUIOMIA/b SIUTE-
JUs yMeHbIlaeTcsa Ha 21,37 %, (GOJUIMKYIISPHO-
KOJUIOUJIHBIA MHJIEKC CHIXKaeTcsa Ha 36,88 %. Cuna
BJIMSTHUS TOJIyOJIa HA BCE IMOKA3aTeJIN — BhIIIE 90 %.
[Ipu exeHEBHOM mpueMe Ha (POHE BO3JEUCTBUSA
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CD117-1103UTUBHBIN PaK ANYHUKA: 0030 JIUTEPATYPbI
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AHHOTAITUA

BBeneHwue. PakAuuHUKA — 0/IHA U3 CAMBIX aTPECCUBHBIX 3JI0KAYECTBEHHBIX OITyXO0JIEH )KEHCKOU PENPOYKTUBHOMN
CHCTEMBI, OTJINYAIOIIAACA BBICOKOU CMEPTHOCTBIO U CJIO?KHOCTBIO PAHHETO BhIABIeHNA. Ha HAUaIbHBIX CTaTUAX PaK ANY-
HUKAa, KaK IIPaBUJIO, IIPOTEKaeT 6ECCUMIITOMHO, YTO 3aTPYHSIET €0 IMaTHOCTUKY /0 MOMEHTA, KOT/ja 3a00JIeBaHuE JJOCTH-
raeT MPOJIBUHYTHIX KJIMHUYECKUX CTAI[UN.

Il e 1 b . IIpoEMOHCTPUPOBATH KIIMHUKO-MOPGOJIOTHYECKHE U TPOTHOCTUYECKHE OCOOEHHOCTH PaKa AMYHUKA C UMMY-
HOTHCTOXMMHYECKOH dKcrpeccueit CD117.

MaTtepuanabs W MeToO/ bl . IIpoBe/ieH aHATN3 PAa3JINYHBIX JINTEPATYPHBIX HUCTOYHUKOB, PACCMATPUBAIOIITIX
po6JieMy paka SMYHUKA, aCCOIUUPOBAHHOTO ¢ 9Kcripeccueit CD117. i MOUCKa JINTEPaTypPhl UCIOJIb30BAHBI 06a3bl AaH-
ubix PubMed, Scopus, Research Square u Web of Science. B 0630p BK/IFOU€HBI CTaThH, OIyOIMKOBAHHBIE C 2021 110 2024
TOJTBI.

PesynbTarTshl . AHAIU3 JAHHBIX HAYYHOU JINTEPATYPHI MO/ITBEPUI 3BHAUUMOCTDH BHICOKOTO YPOBHS HKCIIPECCUH
CD117 B OIyXOJIEBBIX KJIETKAX B COYETAHUH C JAPYTMMH HMMYHOTHCTOXMMUUYECKHUMU MapKepaMH, XapaKTEPHBIMU JUIA
CEepO3HOTO paKa IMYHUKA BBICOKOH cTereHu 3y0kadyectBeHHOCTH (SOX2, COT4 u NANOG). AxktuBanust CD117 ripu pake
SIMYHUKOB MIPUBOJUT K aKTUBAIIMHU HUCXO/ISIIIIUX CUTHAJIBHBIX IyTeH, ¢ BoByieuenreM reHoB: RAS/ERK, PI3K, SRC, JAK/
STAT, Wnt u Notch, B pe3ysbTaTe KOTOPOH (POPMHUPYIOTCS MOIYJISIIUNA PAKOBBIX CTBOJIOBBIX KJIETOK, 00YCIOBJIMBAsI BHICO-
KU arpeCCUBHbBIN OMOJIOTUYECKUH TOTEHI[UAIT OITYXOJIH.

3akinmoueHUe. Boicokas skcrnpeccussi CD117 cBA3aHa ¢ HeGJIATONMPUATHBIM IIPOTHO30M, 00Jiee arpecCHBHBIM
TeyeHneM 3a060JIeBaHIA U CKJIIOHHOCThIO K METACTa3UPOBAHUIO.

Kmuoueesle caoea: pak suunrka, CD117 (c-kit), pakoBbie crBosioBble kieTku (PCK), AMAarHOCTHKA U TPOTHO3, UMMYHO-
TUCTOXHMHUYECKOE HCCIIe/IOBAHNUE.

Oo6pasen nuTupoBauudA: bynanos /I.B., ConoBreBa A.M. CD117-IIO3UTHBHBIH PaK AUYHUKA: 0030D JIUTEPATY-
pot // Journal of Siberian Medical Sciences. 2025;9(2):83-96. DOI: 10.31549/2542-1174-2025-9-2-83-96

CD117-positive ovarian cancer: a literature review
D.V. Bulanov, A.M. Soloveva

Pirogov Russian National Research Medical University, Moscow, Russia

ABSTRACT

Introduction. Ovarian cancer is one of the most aggressive malignant tumors of the female reproductive sys-
tem, characterized by high mortality and difficulty in early detection. At the early stages, ovarian cancer is usually asymp-
tomatic, which complicates its diagnosis until the disease reaches advanced clinical stages.

A i m . Todemonstrate the clinical, morphological and prognostic features of ovarian cancer with CD117 expression.
Materials and methods. Ananalysis of various literature sources considering the problem of ovarian
cancer associated with CD117 expression was performed. PubMed, Scopus, Research Square and Web of Science databases
were used to search for literature. The review includes articles published from 2021 to 2024.
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Results. The analysis of the literature data confirmed the presence of high CD117 expression in tumor cells in
combination with other immunohistochemical markers characteristic of high-grade serous ovarian cancer (SOX2, COT4,
and NANOG). CD117 activation in ovarian cancer leads to activation of downstream signaling pathways involving the
genes: RAS/ERK, PI3K, SRC, JAK/STAT, Wnt, and Notch, resulting in the formation of cancer stem cell populations,
which determines high aggressiveness of the tumor.

Conclusion. Highexpression of CD117 is associated with poor prognosis, more aggressive disease progression
and tendency to metastasizing.

Keywords: ovarian cancer, CD117 (c-kit), cancer stem cells (CSC), diagnosis and prognosis, immunohistochemical study.
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BBEJAEHHNE

Pak sauyHWKa mpejicTaBiseT coOOU CIOXKHYIO U
reTepOTeHHYI0 TPYIIITY 3JI0KaueCTBEHHBIX HOBOOOPa-
30BaHUU, B OCHOBE KOTOPOU JIEIKUT paszHoobOpasue
THCTOTeHe3a OITyXOJIEBBIX KJIETOK. DTO MHOrooOpa-
3ue O0yCJIOBJIMBAaET OCOOEHHOCTH KaHIlepOTeHe3a,
UMMYyHOGMEHOTHUII OITyXOJIU, MOJIEKYJISIpHBIE TIOA-
THUIIbI,  TAK)XKe 0COOEHHOCTU MPOIPECCUPOBAHUSA U
MeTacTa3uPOBAHUS, UTO ONPeJEAeT KINHUIECKUI
IIPOTHO3 TAITMEHTOB C JAHHBIM 3JI0KQUECTBEHHBIM
HOBooOpazoBaHueM [1]. CBbIIie 90 % OITyX0JIeH Amd-
HUKOB (DOPMUPYIOTCSA U3 SIMUTETUAIHHBIX KJIETOK,
0KO0JI0 5—6 % — U3 CTPOMAaJIbHBIX KJIETOK II0JIOBOTO
TSKA U MeHee 3 % — M3 3apOJbIIIEBBIX KJIETOK [2].
AnurenuaibHble (CEPO3HbIE) PAKU SUYHUKOB KJIac-
cUUIUPYIOTCS HA /IBE OCHOBHBIE TPYIIIBI: CEPO3-
Hble KapIIMHOMbBI HU3KOH CTEIIEHH 3JI0KaUeCTBEHHO-
ctu (Low-grade), OT/IMYAMOIIHECS T€HETUYECKOH
YCTOMYHBOCTBIO, I CEPO3HbIE KAPIIMHOMBI BHICOKOU
crenenu 3yiokavectBenHoctu (High-grade), xoro-
pble XapaKTePU3YIOTCS TeHETHYECKOH HeCTaOMIHHO-
cThio [3].

Cpenu Bcex SIUTEHAJIBHBIX OIyXOJIEH BbIjie-
JISTIOT TISITh KJTIOUEBBIX TUCTOJIOTUYECKUX ITOATHUIIOB:

1. CeposHasi KapIMHOMa BBICOKOH CTEIEeHH
3JI0KAUECTBEHHOCTH — caMas paclpoCTpPaHeHHAas
dopma, cocrapsiomas 70 % BCeX CIyJYaeB.

2. CeposHas KapIUHOMA HU3KOH CTEIIeHH 3J10-
Ka4eCTBEHHOCTHU — OKOJIO 5 %.

3. JHIOMETPUOUHAS KapIMHOMa — 10 %.

4. CaeTrsioKJIeTOYHAA KapIuHOMa — 6—10 %.

5. MpynuHo3Has kKapuuHoMma — 3—4 %.

MesxayHapoHbIe UCCTIEA0OBAHUS TTOCIETHUX JIET
MMOKA3bIBAIOT, YTO CEPO3HAsl KAPIMHOMA BBICOKOM
CTEIleH! 3JI0KAYEeCTBEHHOCTH MOXKET IIPOUCXO/IUTH
u3 GajutonueBbIX TPy, a TAK)KEe U3 TOBEPXHOCTHOTO
SIUTEUS SUYHUKOB [4—6]. DTH OIyX0JIM CKJIOHHBI
K arpecCUBHOMY POCTy, OBICTPOMY pacIpOCTpaHe-

INTRODUCTION

Ovarian cancer is a complex and heterogeneous
group of malignant neoplasms, which is based on the
diversity of tumor cell histogenesis. This diversity
underlies the features of carcinogenesis, tumor
immunophenotype, molecular subtypes, as well as
features of progression and metastasis, which deter-
mines clinical prognosis in patients with this malig-
nant neoplasm [1]. Over 90% of ovarian tumors are
formed from epithelial cells, about 5-6% — from sex
cord stromal cells, and less than 3% — from germ
cells [2]. Epithelial (serous) ovarian cancers are clas-
sified into two main groups: low-grade serous carci-
nomas, which are characterized by genetic stability,
and high-grade serous carcinomas, which are char-
acterized by genetic instability [3].

Among all epithelial tumors, there are the five key
histological subtypes:

1. High-grade serous carcinoma is the most com-
mon form, accounting for 70% of all cases.

2. Low-grade serous carcinoma — about 5%.

3. Endometrioid carcinoma — 10%.

4. Clear cell carcinoma — 6-10%.

5. Mucinous carcinoma — 3—4%.

Recent international studies have shown that
high-grade serous carcinoma can originate from the
fallopian tubes, as well as from the ovarian surface
epithelium [4—6]. These tumors are prone to aggres-
sive growth, rapidly spread to the omentum and
mesentery, and often cause ascites [2, 3]. Low-grade
serous carcinomas predominantly originate from the
fallopian tubes, while clear cell and endometrioid
carcinomas — from endometrioid sites.

Epithelial ovarian tumors are divided into two
types based on molecular characteristics:

« Type I cancer (endometrioid, clear cell, muci-
nous and low-grade serous cancer) — rarely associ-
ated with a TP53 gene mutation. Such tumors are

84

Journal homepage: http://jsms.ngmu.ru



Bulanov D.V., Soloveva A.M. / Journal of Siberian Medical Sciences Vol. 9, No. 2 (2025)

HUIO Ha CAJIbHUK U OPBI’KEHKY M YacTO BBI3BIBAIOT
acuut [2, 3]. HuskoguddepenuupoBatHbie cepos-
HbIE KapIITHOMBI BO3HUKAIOT [TPEUMYIIECTBEHHO U3
(annonueBsIx TPyO, a CBETIOKIETOUHBIE U DHIOME-
TPUOUIHBbIE KAPIIUHOMBI — U3 SHOMETPHUOUTHBIX
0Yaros.

dnuTenraNbHbIE OIYX0JIU SMYHUKOB I10 MOJIEKY-
JIIPHBIM XapaKTePUCTUKAM JIeJIATCS Ha JBA THUIIA:

« Pax I Tuma (3H70MEeTPHUOUHBINA, CBETIOKIETOY-
HBIF, MYIIMHO3HBIA M CEPO3HBIA pPaK HU3KOU CTe-
IIeHU 3JI0KAYECTBEHHOCTH) — C PEJIKOH accoIuanmei
¢ myranuen reHa TP53. Takue omyxosiu, Kak Ipa-
BIJIO, TeHETHUECKH CTAOMIBHBI 1 PA3BUBAIOTCS Me-
JIEHHO; OHH uYallle OOHApY)XUBAIOTCA Y MOJIOIBIX
JKeHInuH [3].

» Pax II tuma (cepo3Has KapIHOMAa BBICOKOH
CTEleHU 3JI0KaueCTBEHHOCTH, HeauddepeHIupo-
BaHHBIE KAPIIMHOMBI U KaPIIMHOCAPKOMBI) XapaKTe-
pusyercda 4acTbIMU MyTauusaMu re’Ha 1P53, OTCYT-
CTBUEM IIPEJIIIECTBYIOIINX MMOPAYKEHUH U BBICOKOM
arpeccuBHOCTHIO [3].

Omnyxosu I Tuma MezjIeHHO PacTyT U HA MOMEHT
JIMaTHOCTUKHU YaCTO OTPAHUYEHBI SUYHUKAMH, TOT/IA
Kak omyxosu II Tuma xapakTepu3yloTcs BBICOKOU
npoudepaTHBHON aKTHBHOCTHIO, T'€HETHUYECKOU
HeCTaOWIBHOCTHI0 M pACIpOCTPaHEHHEM Ha OpIio-
IIWHY WIN CAJIbHUK [6]. Y AIUEeHTOB ¢ OMyXOJISIMH
Il Tuma yacTto BHIABIAIOT MyTanuu B reHax Notch,
RB1 u FOXM1 [7]. Puck pa3BuTHs paKa AUYHUKOB
TaKKe CBS3aH C CEMEeMHOU UCTOpHel 60Ie3HU, MyTa-
nusamMu B reHax BRCA1/BRCA2, paHHHM HadajaoM
MEHCTPYaIllH, OTCYTCTBUEM POJIOB, SHIOMETPHO30M
U JIMYHBIM aHAMHE30M JPYTUX BUJIOB pakKa, TaKUX
KaK PaK MOJIOYHOU >Kesie3bl, MAaTKU WJIN KOJIOPEK-
TaJIbHBIN pak. Takke cpenu GaKTOPOB PUCKA — ITO3/I-
Hss MeHoTmays3a [8].

Myrarmuun teHa BRCA1/2 accomuupyrmoTcsa C
WHBAa3UBHBIM CEPO3HBIM PAKOM BBICOKOH CTEIeHH
3JI0KQUEeCTBEHHOCTH U 60Jiee BBICOKOU BbIXKHBae-
MOCThIO, Osiaromapss 3¢p@eKTHBHOMY OTBETY Ha
XUMHOTEPANHNIO0 Ha OCHOBe IIaTUHBI [9]. [loMuMoO
BRCA1/2, B pa3BuTHe paka SUYHUKOB MOTYT OBIThH
BOBJIeUeHbl MyTanuu B reHax 7TP53, BARD1,
Ci14EK2, PALB2, MRE11, KRAS, BRAF, PTEN,
CTNNBI1 (B-xatenun), BRIP1, NBN, MSH6, RAD50
u RAD51C [10]. OmyxoJsieBble KJIETKU PaKa IMIHUKA
XapaKTePU3YIOTCSA IOBBIIIEHHBIM COZEPIKAHUEM
6enkoB rpynnbl  AT-hook (HMGA), &KoTopsie
WUTpalOT KPUTUYECKYIO POJIb B DETYJIANUH POCTa,
nuddepeHITIPOBKH, HEOIJIACTHYECKON TpaHcdhOop-
MaIlM{ U aloITo3a KieTok [6]. Kpome Toro, coma-
TU4eckad MutoxoHzpuainpHasa JJHK Ttakke moxer
OBITH BOBJIEUEHA B MIPOIECC PA3BUTHUS U IIPOTPECCH-
poBaHus 3a60JIeBaHUS.

usually genetically stable and develop slowly; they
are more often found in young women [3].

» Type II cancer (high-grade serous carcinoma,
undifferentiated carcinomas and carcinosarcomas)
is characterized by frequent mutations of the TP53
gene, the absence of prior lesions and high aggres-
siveness [3].

Type I tumors are slow growing and located only
in the ovaries at diagnosis, whereas type II tumors
are characterized by high proliferative activity,
genetic instability, and peritoneal or omental spread-
ing [6]. Mutations in the Notch, RB1, and FOXM1
genes are often detected in patients with type II
tumors [7]. The risk of developing ovarian cancer is
also associated with having the disease in the family
history, mutations in the BRCA1/BRCA2 genes, early
onset of menstruation, nulliparity, endometriosis,
and a personal history of other cancers such as
breast, uterine, or colorectal cancer. Late menopause
is also among the risk factors [8].

Mutations in the BRCA1/2 gene are associated
with invasive high-grade serous cancer and higher
survival rate due to an effective response to platinum-
based chemotherapy [9]. In addition to BRCA1/2,
mutations in the TP53, BARD1, Ci4EK2, PALB2,
MRE11, KRAS, BRAF, PTEN, CTNNB1 (B-catenin),
BRIP1, NBN, MSH6, RAD50, and RAD51C genes may
be involved in the development of ovarian cancer [10].
Ovarian cancer tumor cells are characterized by an
increased content of AT-hook family proteins
(HMGA), which play a critical role in the regulation of
cell growth, differentiation, neoplastic transforma-
tion, and apoptosis [6]. In addition, somatic mito-
chondrial DNA may also be involved in the develop-
ment and progression of the disease.

AIM OF THE RESEARCH

To demonstrate the clinical and morphological
features of ovarian cancer with CD117 expression
and, accordingly, the importance of early and accu-
rate diagnosis, as well as of a comprehensive
approach to the treatment and monitoring of patients
with this aggressive cancer type.

MATERIALS AND METHODS

An analysis of various literature sources consider-
ing the problem of ovarian cancer associated with
positive CD117 expression was performed. PubMed,
Scopus, Research Square and Web of Science data-
bases were used to search for literature. The review
includes articles published from 2021 to 2024. The
data used were devoted to the study of CD117 expres-
sion in ovarian cancer, availability of data on immu-
nohistochemical analysis of CD117 expression in
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ITEJIb UCCJIEJIOBAHUSA

[Tpo/1IeMOHCTPUPOBATh KIUHUKO-MOpdosioruye-
CKHe OCOOEHHOCTH paka SIMYHUKA € DSKCIIPeccuer
CD117 ¥, COOTBETCTBEHHO, 3HAUMMOCTh PaHHEH H
TOYHOH JUATHOCTUKH, & TAKKE BAXKHOCTh KOMILJIEKC-
HOTO IO/IX0ZIa K JIEUeHUI0 U MOHUTOPUHTY IaleH-
TOB C STUM arpPeCCUBHBIM IOATUIIOM OHKOJIOTHYE-
CcKOro 3a060J1eBaHUs.

MATEPUAJIBI 1 METO/1bI

[TpoBeneH aHaMM3 PABJIHMYHBIX JINTEPATYPHBIX
HCTOYHUKOB, paccMaTpUBAOIINX IpobiyieMy pac-
MIPOCTPaHEHUs paKa SUYHUKOB, aCCOITTUPOBAHHOTO
¢ MMO3UTUBHONM MMMYHOTHCTOXHMUYECKOH BKCIIpec-
cuert CD117. [Ijisi TIOMCKA JIMTEPATYyPhl HUCIIOJIb30-
BaHbl 6a3bl maHHbIXx PubMed, Scopus, Research
Square u Web of Science. B 0630p BK/IIOUEHBI CTa-
ThU, ONIYOJIMKOBAaHHBIE C 2021 IO 2024 TOHBL
Hcnosp30BaINCh JTaHHBIE, TOCBAIIEHHBIE H3yde-
HuI0 Kkcpeccuu CD117 mpu pake AMYHUKA, HATH-
YHUI0 JJAHHBIX 00 WMMYHOTHMCTOXHMHYECKOH 3KC-
npeccun CD117 B OIIyX0JIEBBIX KJIE€TKaX, OIleHKe IIPO-
THOCTHYECKON 3HaumMocTu CD117, onmucaHuIo cur-
HQIBHBIX IyTeH, aKTUBUPYEMBIX IMPU IKCIPECCUU
CD117, u poau CD117 B GOpMUPOBaHUY HOILYJIAIUN
PaKOBBIX CTBOJIOBBIX KJIETOK.

JlaHHbIE aHATU3UPOBAJIIUCH C HCIIOJIB30BAHUEM
METO/IOB KaUueCTBEHHOTO CHHTe3a U ObLIU CIPYIIIH-
POBaHBI 10 TEMATUUYECKUM paszesaaM: 001Ias xapak-
TepucTuka skcnpeccnu CD117 mpu pake sSIMYHUKA,
cBA3b dkcnpeccuu CD117 ¢ MapkepamMu CEPO3HOTO
paka sudHuKa, posib CD117 B aKTUBAIlUHM CHUTHAJIb-
HBIX ITyTeH, BausHue CD117 Ha popMUpOBaHUE CTBO-
JIOBBIX PAKOBBIX KJIETOK, IIPOTHOCTHYECKOE 3HAUE-
Hue CD117 u 06Cy>K/IeHNEe TIEPCIIEKTUB TepPaTleBTHYe-
CKUX CTpaTerui, HaneaeHHbIX Ha CD117.

OrpaHuYeHUs WCCIEOBAHUA: OTPAaHHMYEHHBIN
Habop 6a3 IaHHBIX, BO3MOXKHASA CyOBEKTUBHOCTD ITPH
oTbOpe, reTEPOreHHOCTh UCIIOIb3YEMBIX METOTHK.

CD117-IIO3UTUBHBIN PAK ATNYHUKOB

CD117-1I03UTHBHBIN paK SUYHUKOB IIPEICTaB-
J1seT co00i 0COOBIN ITOATUII IAHHOTO TUIIA 3JI0Kade-
CTBEHHOH OITyXOJIM, XapaKTEPUIYIOIIUNCA DKCIIPec-
cuell pernentopa Tupo3uHkuHazsl CD117 (c-kit) Ha
ITOBEPXHOCTH OIYXOJIEBBIX KJIETOK [9]. CD117 sABIIsA-
eTcsi TpaHCMeMOPaHHBIM PEIENTOPOM TUPO3UHKH-
Hasbl 3-TO THUIIA, PACIIOJIOKEHHBIM Ha 4-H XpOMO-
come (4q12) [3]. OH ObUT UAEHTUGUIUPOBAH KakK
KJIETOUHBIH TOMOJIOT OHKOTE€Ha BHpycCa KOIIaubeH
capkombl v-Kit [1—3]. AktuBarus perenropa CD117
(akTOpOM CTBOJIOBBIX KJIETOK 3aIlyCKaeT pas3jind-
Hble curHaIbHBIE TyTH [3]. CD117 yyacTByer B pery-

tumor cells, assessment of the CD117 prognostic sig-
nificance, description of signaling pathways acti-
vated by CD117 expression, and the role of CD117 in
generating cancer stem cell subpopulation.

The data were analyzed using qualitative synthe-
sis methods and grouped into thematic sections:
general characteristics of CD117 expression in ovar-
ian cancer; the relationship of CD117 expression with
markers of serous ovarian cancer; the role of CD117
in signaling pathway activation; the effect of CD117
on cancer stem cell generation; the prognostic value
of CD117, and the discussion of the prospects for
therapeutic strategies targeting CD117.

Limitations of the study: limited set of databases,
possible subjectivity in selection, heterogeneity of
the methods used.

CD117 POSITIVE OVARIAN CANCER

CD117-positive ovarian cancer is a specific sub-
type of this malignancy characterized by the expres-
sion of the CD117 (c-kit), tyrosine kinase receptor on
the surface of tumor cells [9]. CD117 is a transmem-
brane receptor of type 3 tyrosine kinase located on
chromosome 4 (4q12) [3]. It has been identified as a
cellular homolog of the oncogene v-kit of the feline
sarcoma virus [1—3]. CD117 receptor activation by
stem cell factor triggers various signaling pathways
[3]. CD117 is involved in regulation of important cel-
lular functions, including metabolism, growth, pro-
liferation, survival, differentiation, apoptosis, and
migration [1, 8]. The oncogenicity of CD117 is associ-
ated with its excessive activation, which leads to
upregulation of the aforementioned pathways or
constitutive gain-of-function mutations [10]. Such
mutations have been found in many malignant
tumors [1, 3, 8]. CD117-positive ovarian tumor cells
have self-renewal and chemoresistance properties.
CD117 activation in ovarian cancer leads to activa-
tion of downstream signaling pathways involving
RAS/ERK, PI3K, SRC, JAK/STAT, Wnt, and Notch
genes [11—13], resulting in the generation of cancer
stem cell subpopulations.

Studies focused on investigating the biological
characteristics of ovarian cancer cells have demon-
strated that CD117-positive ovarian cancer cells, in
addition to the ability to self-regenerate, have the
unique plasticity and ability to generate different
variants of metastatic spread [14—-16]. This ability to
metastasize is a key factor determining the unfavor-
able prognosis in ovarian cancer. Numerous studies,
performed on various cell lines and in vivo models,
have revealed a direct and statistically significant
correlation between the level of CD117 expression
and a number of clinicopathological factors, includ-
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JIIOUYM BROKHBIX KJIETOUHBIX (YHKIWH, BKIOYAs
MeTaboJIu3M, POCT, TpoJHdepaIuio, BbIKUBAHHUE,
nuddepeHITnpoBKy, anonTo3 U murpanuio [1, 8].
Ounxkorenabii motenuan CD117 ¢Bsi3aH ¢ ero upes-
MEPHOH aKTHUBAalHMEN, KOTOpAasi MPUBOJUT K YCHJIE-
HUIO PETYJISIUY BBIIIEYITOMAHYTHIX ITyTEH WU KOH-
CTUTYTHUBHBIM MYTAIUsAM yCWIeHUs GYHKIUH [10].
Takue myranuu ObLTM OOHApPY:KEHBI BO MHOTHX
3JI0KAYeCTBEHHBIX omyxoasx [1, 3, 8]. CDi1y-
IIOJIO>KUTEJIbHBIE KJIETKH OIYXOJIM SMYHUKOB 00J1a-
JIAI0T CBOMCTBAaMH CAMOOOHOBJIEHUsSI U XUMHUOPE3U-
creHTHOCTU. AkTHBanua CD117 npu pake AUYHUKOB
MIPUBOAUT K AKTUBAIIMU HUCXOAAIINX CUTHATHHBIX
myTed, ¢ BoByieueHueM reHoB RAS/ERK, PI3K, SRC,
JAK/STAT, Wnt u Notch [11—13], B pe3ysibTaTe KOTO-
po# pOPMHUPYIOTCS OMYJISIIUHA PAKOBBIX CTBOJIOBBIX
KJIETOK.

UccnemoBanusi, HampaBjeHHblEe HAa HU3y4YeHUeE
OMOJIOTUYECKIX XapaKTEPUCTHK KJIETOK paka sSud-
HUKa, MIPOJIEMOHCTPUPOBAJIH, 4To CD117-
MIOJIO’KUTEJIbHBIE KJIETKH paKa SIMYHUKA, ITOMUMO
CIIOCOOHOCTH K caMopereHeparuu, o0J1aJlaloT YHU-
KaJIbPHOW IIJIACTUYHOCTHIO M CIIOCOOHOCTHIO K TeHe-
panyu pasyIMYHBIX BAPUAHTOB METACTATHUECKOTO
pacrpocTtpaHenus [14—16]. 9Ta ctocOOHOCTD K MeTa-
CTa3UPOBAHUIO ABJIAETCS KIIIOUEBBIM (AKTOPOM,
OTIPEJIEJIAIONINM HeOJIarONPHUATHBIA MPOTHO3 IIPHU
pake AUYHUKA. MHOTOUNCIJIEHHBIE HCCIEIOBAHMUA,
MPOBEJIEHHBIE HA PA3JIUYHBIX KJIETOUYHBIX JIMHUSIX U
MOJIEJISIX N ViV0, BBISABIJIN MPSIMYIO U CTaTHCTUYE-
CKH 3HAYMMYI0 KOPPEJISAIUI0 MEXKIYy YPOBHEM DKC-
npeccun CD117 ¥ psiloOM KJIMHUKO-TIATOJIOTHYECKHIX
(dakTopoB, BKITIOYasI, B YaCTHOCTH, PA3BUTHE XUMHUO-
PEe3UCTEHTHOCTH K CTAHAAPTHBIM PEXUMaM Tepa-
MY, TI03/THEE BBISBJIEHHE 32001€BaHUS HA KIUHH-
YeCKH 3HAYMMOU CTafuu U 00Jiee BHICOKYIO CTEIIEHD
3JI0KAYECTBEHHOCTH OITyXOJIM, YTO YKa3bIBaeT Ha
arpeccuBHbBIN ¢eHOTHI [17—20].

B KOHTeKCTe U3YUeHHUs MEKKIETOYHOTO B3aUMO-
JIEICTBUS U PACIPOCTPAaHEHHUsI OIMyXO0JIH OBLIIO yCTa-
HOBJIEHO, YTO 00JIee BBICOKHI YPOBEHD HKCIIPECCUH
CD117 BO BHEKJIETOUHBIX Be3UKYJaxX, MPOAyIUpye-
MBIX KJIETKAMHU PaKa SHYHUKA, [IOJIOKUTETHHO KOP-
penupyet ¢ 60Jiee arpecCHBHON OITyXOJIEBOM WHBA-
3ueli [21]. BHeKJIeTOUHbIE BE3UKYJIbl UTPAIOT BaXK-
HYIO POJIb B MEKKJIETOUYHOH KOMMYHUKAIIUH U pac-
IPOCTPAHEHUHN OIYXOJIEBBIX KJIETOK, M ITOBBIIIEH-
HBIN ypoBeHb CD117 B 5TUX BE3UKYJIaX MOKeT CIIO-
cOOCTBOBATh WHBA3WBHOMY POCTY OIYyXOJIH U €€
METACTaTHYECKOMY PACIPOCTPAHEHHIO.

Akcmpeccusi CD117 sABsAeTcs BaKHBIM (aKTO-
POM, KOTOPBI HEOOXOAMMO YIUTBHIBATH IIPU HCCIIE-
JIOBAHUHU paKa SMYHUKA. Kak BUTHO HA pUC. 1, UMMY-
HOTHCTOXMMUUECKOE OKpAIllMBaHUE aHTUTEJIOM

ing, in particular, the development of chemoresis-
tance to standard therapy regimens, late diagnosis of
the disease at an advanced stage and a higher grade,
which indicates aggressive phenotype [17-20].

In the context of studying cell-cell interaction and
tumor spread, it was found that CD117 overexpres-
sion in extracellular vesicles produced by ovarian
cancer cells positively correlates with more aggres-
sive tumor invasion [21]. Extracellular vesicles play
an important role in cell-cell interaction and tumor
cell spread, and an increased level of CD117 in these
vesicles may contribute to invasive tumor growth
and its metastatic spread.

CD117 expression is a substantial factor to con-
sider in ovarian cancer research. As shown in Fig. 1,
immunohistochemical staining with CD117 antibody
can demonstrate a diffuse membranous/cytoplasmic
pattern of tumor cell staining. Given that CD44,
along with CD117, is also a widely recognized factor
associated with tumor initiation and maintenance of
stemness properties, researchers have developed
approaches involving a combination of CD117 and
CD44 to more accurately identify subpopulations of
cells with a relatively higher level of stemness [22—
24]. These subpopulations of cells with pronounced
stemness are critical in the process of tumor relapse
and drug resistance development, making them an
important target for future therapy discovery. Devel-
opment of methods to identify and target these sub-
populations is a promising direction in improving
the effectiveness of ovarian cancer therapy.

THE ROLE OF CANCER STEM CELLS

Cancer stem cells (CSCs) are a unique subpopula-
tion of tumor cells that exhibit pluripotency, self-
renewal, and tumor-inducing properties. Although
CSCs are present in small quantity in a variety of
malignant tumors, they play a significant role in
tumor progression, metastasis, and resistance to
therapy [9]. CSCs were initially described in the con-
text of hematological diseases, but were subsequently
identified in solid tumors, including ovarian cancer
[1, 10, 25]. Pioneering work by Hosseini et al. dem-
onstrated that ovarian stem cells can initiate tumors
in case of their transplantation into the peritoneal
cavity of mice, suggesting their crucial role in the
development of aggressive clinical and morphologi-
cal subtypes of ovarian cancer [26]. Morphologically,
verification of aggressive growth often includes the
presence of solid/trabecular fields of atypical epithe-
lial cells with necrosis (Fig. 2). CSCs expressing
CD117 (c-kit) represent a distinct subpopulation
associated with an aggressive course of the disease.
CD117, being the tyrosine kinase receptor, regulates
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Puc 1. TudpPysHoe okpammBanue MeMOPaHHO-IIUTOIIA3MATHUYECKOTO THUIIA OIYXOJIEBBIX KIIETOK
B peaknuu ¢ auturesioMm CD117 (MMMYHOTUCTOXUMHUYECKas peakius, ypesnuenre x200) (Bysanos [1.B., TUYHBIN apXUB)
Fig. 1. Diffuse membrane/cytoplasmic staining pattern of tumor cells in reaction with CD117 antibody
(immunohistochemical reaction, magnification x200) (Bulanov D.V., personal archive)

CD117 MOKeT AeMOHCTPUPOBATh AP Py3HBIH MeM-
OpaHHO-IIUTOIUIA3MATHYECKUH THUIT OKpAIIMBaHHUS
OIIYXOJIEBBIX KJIETOK. [I[puHMMAasi BO BHUMaHHeE, YTO
CD44, Hapsany c¢ CD117, Takke sABIAETCA IIUPOKO
MIpU3HAHHBIM (AKTOPOM, aCCOIIMUPOBAHHBIM C UHH-
[HalKeN OIyXOJIH U MOIEP:KaHUEM CBOKCTB CTBO-
JIOBOCTH, WCCJIEZIOBATENIN Pa3pabOTaN IOJXO/bI,
Brurouarorre kombOuuaiuioo CD117 u CD44 pias
60oJ1ee TOUHOH HIeHTU(UKAINH CYOIIOMYJIAIUN KiTe-
TOK C OTHOCUTEJIBHO 60Jiee BRICOKUM ITOTEHIIHATIOM
CTBOJIOBOCTHU [22—24]. ATU CyOIOMYJISIINN KIETOK C
BBIPDAQ’KEHHBIMH CBOMCTBAMHU CTBOJIOBBIX KJIETOK
HUMEIOT pellamlnee 3HaUeHNe B IIPOIIECCE PEIUINBA
ONYXOJIU U Pa3BUTHUs JIEKAPCTBEHHON YCTOUYHBO-
CTH, UTO JIeJIaeT UX BAXKHON MUIIIEHBIO JIJIsI Oy Ty IIHIX
TeparneBTUYECKHUX pa3paboTok. Pazpaborka MeTo10B
JUTSL UJIEHTU(DUKATINY U BO3JIEUCTBUS HA 9TH CyOIIO-
MyJISIUY SIBJISETCS MEPCIIEKTUBHBIM HallpaBJIeHUEM
B TOBBIIEHUN B(PPEKTUBHOCTH Tepamuu paka
SIMIHUKA.

POJIb PAKOBBIX CTBOJIOBBIX KJIETOK

Paxosbie ctBostoBble KiIeTKH (PCK) cocraBigioT
VHUKQIBHYIO CyOIOITYJIAIIUIO OITyXOJIEBBIX KJIETOK,
00JIaIAIoNIy0 CBOHCTBAMHU  IUIFOPHUIIOTEHTHOCTH,
CaMOOOHOBJIEHUS U CIIOCOOHOCTU K MHAYKIIMH OILy-
xoJsieBoro pocra. Xorsa PCK npucyTcTByOT B He3Ha-
YUTEJIbHBIX KOJIMYECTBAX B CTPYKTYPAX Pa3IMYHbIX
3JI0KAYECTBEHHBIX OIIYXOJIeH, OHM HUTPAIOT 3HAYHU-
MYIO POJIb B IIPOTPECCUPOBAHUH OIyXOJH, ee MeTa-
CTa3UPOBAHUHU U YCTOUIMBOCTH K Tepanui [9]. Ilep-
BoHavyaabHO PCK GbLIH OIMCAHBI B paAMKaX reMaro-
JIOTHYECKUX 3a00JIeBaHMM, OJHAKO B JaJIbHEHIIEM
UX BBISIBIJIA U B COJIUHBIX OITyXOJIAX, BKJIIOYAs PaK

cancer cell proliferation and survival, and supports
CSCs self-renewal and differentiation, which con-
tributes to tumor progression. The presence of these
cells may explain heterogeneity of ovarian cancer
and its therapy resistance.

There are several theories of the origin of CSCs, as
their precursors have not yet been clearly identified.
In particular, some models suggest that CSCs may be
derived from normal stem cells, somatic progenitor
cells, or differentiated cells that, because of muta-
tions, acquire the ability to self-renewal, and become
tumor cells [26—28]. Factors such as horizontal gene
transfer, genomic instability, and microenvironmen-
tal changes (e.g., hypoxia, stress, and ionizing radia-
tion exposure) may contribute to the transformation
of these cells into CSCs [1]. Epithelial-mesenchymal
transition (EMT) mediated by TGF-B1 also plays a
key role in the formation of CSCs, promoting their
transition to a phenotype that exhibits plasticity and
migratory capacity. The theory associating CSCs with
normal stem cells is based on their common proper-
ties, including self-renewal by asymmetric cell divi-
sion, activation of Wnt, Hedgehog, Notch signaling
pathways, and the ability to pluripotent differentia-
tion [25, 27]. However, CSCs differ from normal
stem cells due to genetic mutations and epigenetic
changes, which provide them with higher plasticity
and proliferative activity. A key element of CSCs via-
bility is a high telomerase activity, which significantly
increases their lifespan. CSCs also have specific met-
abolic features, including increased glycolytic activ-
ity and high levels of mitochondrial reactive oxygen
species (ROS). Expression of markers such as CD44
and CD117 allows these cells to maintain their state
even under nutrient deprivation and stress [3].
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Puc. 2. Onyxosb sudHuKa cOPMUPOBAHA COMTUAHO-TPAOEKYISIPHBIMU TIOJIIMU M3 aTUIMYHBIX SITUTETUATBHBIX METKUX
KJIETOK C HAJIMYUEM 30H HEKPO3a (YBEJIMUEHUE X200, OKPAIIUBAHUE TEMATOKCUIMHOM U DO3HHOM)
(Bysanos /1.B., TMUHBINA apXUB)
Fig. 2. The ovarian tumor is formed by solid/trabecular fields of atypical epithelial small cells with necrotic zones
(magnification x200, hematoxylin and eosin staining) (Bulanov D.V., personal archive)

AUYHUKOB [1, 10, 25]. HoBatopckas pabota
H. Hosseini et al. mokazasa, 4TO CTBOJIOBbIE KJIETKH
SINYHUKOB MOTYT WHHIIUUPOBATh OIYXOJIU IIpU
TPaHCIUIAHTALUH B OPIONIHYIO IOJIOCTH MBIIIIEH, UTO
IIPEATIIOIaraeT UX KPUTHYECKYIO POJIb B Pa3BUTHH
OUMOJIOTHYECKH arpecCUBHHBIX KJIMHHUKO-MOPQOJIo-
rudyeckux ¢Gopm paka suaHuKa [26]. Mopdomoruue-
CKOe TIOATBEPK/IeHNe arpecCUBHOTO pOCTa YacTo
BKJIIOUAeT B cebs COJMUAHO-TPAOEKYJISIPHBIE IIOJIS
ATUNUYHBIX SIUTEIUAJBHBIX KJIETOK C HEKPO30M
(puc. 2). PCK, skcmupeccupyiomue CD117 (c-kit),
MIPE/ICTABIAIOT OCOOYIO IOJIPYIITY, CBA3AHHYIO C
arpeccuBHBIM TeueHHeM Oosie3Hu. CD117, ABIAACH
pelLenTopoM THUPO3UHKUHA3BI, PEryJIUpyeT IIPOJIH-
(epamuio 1 BPDKUBAHKE PAKOBBIX KJIETOK, a TAKXKE
II0JIZIEP?KUBaeT caMooOHOBIIeHrEe U aAuddepeHnna-
nuio PCK, 4To cmocoOCTByeT Pa3BUTHIO OITYXOJIH.
[TpucyTCTBHE STHX KJIETOK MOXKET OOBACHATH rere-
POTEHHOCTh paKa SIMYHUKOB U €r0 YCTOHYUBOCTH K
JIe4eHUIO.

CyIecTByeT HECKOJIBKO TEOPHUH IIPOUCXOMKIAECHUS
PCK, nockonbKy UX NpeJlIeCTBEHHUKU JI0 CUX IO
O/THO3HAYHO He WeHTU(HUIIUPOBaHbL. B yacTtHOCTH,
HEKOTOpBble MOJeN IoKasbiBaioT, uto PCK moryr
00pa30BBIBATHCS M3 HOPMAJIBHBIX CTBOJIOBBIX KJIE-
TOK, COMaTHUeCKUX KJIeTOK-IIpe/IllIeCTBEeHHUKOB WU
JuddepeHINPOBaHHbBIX KJIETOK, KOTOpble II0J BO3-
ZieficTBEM MyTaIliii 0OpeTaoT CIIOCOOHOCTH K CaMO-
OOHOBJIEHUIO U CTAHOBSATCS OIyXOJIEBBIMU [26—28].
dakToOphl, TaKWe KaK TOPU3OHTAJIBHBINA IEPEHOC
TeHOB, TFeHOMHAs HECTa0WIBHOCTh U HU3MEHEHUS
MUKpOCpenbl (HampuMep, TUIIOKCHUs, CTPECC U BO3-
JIeHICTBUE NOHUBUPYIOIIEr0 U3JIyIEHHUsI), MOTYT CIIO-
cobcTBOBaTh TpaHcopMmanuu 3Tux kiaetok B PCK [1].

Acquisition of oncogenic mutations and epigenetic
changes makes CSCs resistant to treatment, which is
confirmed by the ability of some tumor cells to
acquire stemness under the influence of the tumor
microenvironment or due to their own mutations.
This state allows them to maintain tumor growth and
survival [29]. Some studies show that CSCs can
divide in an asymmetric manner, forming one stem
and one differentiated cell, which contributes to the
onset of the neoplastic process [6, 9—11]. CSCs also
contribute to cancer progression, metastasis, relapse,
and therapy resistance. These cells can be in a dor-
mant state, which can be temporary or long-term
and is associated with their chemotherapy resis-
tance. Dormancy can cause local relapses or distant
metastases even after long-term remission. In solid
tumors, a distinction is made between resident CSCs
responsible for disease initiation, and migratory
CSCs that promote metastasis [30]. According to
recent studies, different CSCs clones have unique
metabolic profiles and the ability to metastasize to
specific organs. These properties explain the role of
CSCs in tumor progression and its heterogeneity,
which poses new challenges for modern science in
the development of targeted therapy to combat ovar-
ian cancer [25—29].

CD117 AS A MARKER AND PROGNOSTIC
FACTOR FOR OVARIAN CANCER

CD117 is a promising marker for the identification
of tumor CSCs in ovarian cancer [4—6]. High expres-
sion of CD117 is associated with an unfavorable prog-
nosis of the disease [3]. Yang et al. have performed a
meta-analysis of seven studies involving 1247
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ANUTENNATbHO-Me3eHXUMAIbHBIN nepexoy; (AMIT),
onocpenoBauHbIll TGF-f1, Tak:ke UTPaeT KIOYEBYIO
posb B popmupoBanun PCK, ciocobeTBys ux mepe-
X0Zly B (deHOoTHI, 00JaJal0NUH IIJIACTUYHOCTHIO U
CITOCOOHOCTHIO K MUTparuu. Teopusi, CBA3BIBAIOIIAS
PCK ¢ HOpMaJIbHBIMU CTBOJIOBBIMU KJIETKAMH, OCHO-
BaHa Ha MX OOIIMX CBOMCTBAX, BKJIIOYasi CAMOOOHOB-
JIEHUE C TIOMOIIbI0 ACUMMETPUYHOTO JIEJIEHUsI, aKTH -
BaIuio curHaIbHbBIX myTelr Wnt, Hedgehog, Notch u
CITOCOOHOCTh K MHOTOKJIETOYHOH Mu(pDepeHITUpOBKe
[25, 27]. OnHako PCK oT/IMYAiOTCS OT HOPMAaIbHBIX
CTBOJIOBBIX KJIETOK B CHJIy T€EHETUYECKUX MyTallui 1
SIUTEHETHYECKUX H3MEHEHHI, YTO obOeclieurnBaeT
M 6oJiee BBICOKYIO IJIACTUYHOCTD U PO epaThB-
HYIO aKTUBHOCTb. KJTI0OU€BBIM BJIEMEHTOM KU3HECIIO-
cobHoctu PCK siBjisieTcst BbICOKasi aKTUBHOCTD TEJIO-
Mepasbl, YTO 3HAYUTEIFHO YBEJIMYUBAET UX ITPOJI0JI-
JKUTEIBHOCTD KU3HU. Takke y PCK oTmMeueHsI cnell-
ududecKkre MeTaboJIMYECKHe OCOOEHHOCTH, B TOM
YHCJIe IOBBIIIEHHAs TJIMKOJIUTHYECKAsA aKTHBHOCTH
¥ BBICOKHWE YPOBHU MUTOXOHIPHABHBIX AKTUBHBIX
dopwm kucioposa (APK). Dxcrpeccrs TaKUX MapKe-
poB, kak CD44 u CD117, m03BOJIAET 3TUM KJIE€TKaM
TO/IZIEP>KUBATh CBOE COCTOSIHWE JaKe IPU HeJ0-
CTaTKe MMUTATEJbHBIX BeNecTB U cTpecce [3]. [Ipuob-
peTeHre OHKOTEHHBIX MyTAIlUi U STUTEHETUIECKHUX
n3meHeHnu fenaer PCK yCcTOWUYMBBIMU K JIEYEHUIO,
YTO IIOATBEPIKAAETCS CIIOCOOHOCTHIO HEKOTOPBIX
OITyXOJIEBBIX KJIETOK IIEPEXO/UTH B CTBOJIOBBIE COCTO-
STHUS TIO/], BO3/IENCTBUEM MUKPOCPEIHI OIyXOJIU WU
BCJIEZICTBHE COOCTBEHHBIX MYTalMH. DTO COCTOSTHHUE
MMO3BOJISIET UM IIO/JIEPKUBATh OITyXOJIEBBI POCT U
BbDKHBaHUE [29]. HekoTophle ucciie/loBaHUSA MMOKa-
3pIBatoT, uTro PCK mMoryT fesiuThesi B acCUMMeTpUY-
HOM peXkrMe, 06pasyst OHY CTBOJIOBYIO U OJIHY Aud-
(epeHIIUPOBaHHYI0 KJIETKY, 4YTO CIIOCOOCTBYET
HavaJly HeoIlIacTHUYeCcKoro mporecca [6, 9—11]. PCK
TaKKe CII0COOCTBYIOT IIPOTPECCUPOBAHUIO paKa,
METaCTa3uPOBAHUIO, PENUAUBAM U PE3UCTEHTHOCTH
K Tepanuu. OTH KJIETKU MOTYT HaXOJUTHCSA B COCTOSI-
HUH ITOKOsI, KOTOPOE MOKET ObITh BPEMEHHBIM WJIN
JUTUTEJIBHBIM U CBS3aHO C UX YCTOMYHUBOCTHIO K XUMU-
otepanuu. COCTOSIHHME TIOKOS MOJKET BBI3BIBATH
JIOKQJIbHbIE PEITUIUBBI WU OT/IaJIeHHbIE MeTacTa3bl
Jlavke TIOC/Ie JUTUTEJIbHOW peMucchuu. B commmHbIxX
omyxoJisix pasnuvaroT pesuzieHTHble PCK, otBet-
CTBEHHbIE 32 HHUITHAIINIO 3a001€BaHUsA, 1 MUTPUPY-
ompe PCK, cmocoOCTByOIINE MeTacTa3HPOBAHUIO
[30]. CornacHO moOCIETHUM WCCIIEIOBAHUAM, pPas-
smunblie k10HbI PCK 06/1a1a10T yHUKATBHBIMU METa-
00TMYeCKUMH TPOPUISIMA U CIIOCOOHOCTBIO MeTa-
CTa3UpOBaTh B OIIPeJIeJIEHHbIE OpraHbl. JTH CBOU-
cTBa oOBscHAIT posb PCK B mporpeccupoBaHuu
OITyXOJIN W €€ TETEPOTeHHOCTH, YTO CTaBUT MEPE]]

patients with epithelial ovarian cancer, and showed
that CD117 expression significantly correlates with
age, FIGO stage, histological type, and tumor differ-
entiation grade. Moreover, patients with a high
CD117 expression demonstrated statistically signifi-
cantly lower overall survival compared to patients
with low CD117 expression. However, no correlation
was found between CD117 expression and disease-
free survival. Subgroup analysis showed that CD117
may serve as a prognostic factor in young patients
(under 60 years) [25].

CD117 AND TREATMENT RESISTANCE

CD117is also associated with chemotherapy resis-
tance [10]. CD117 overexpression causes cisplatin/
paclitaxel chemoresistance via activation of the Wnt/
[-catenin-ABCGz2 signaling pathway [30]. In a study
in which cells from human ovarian serous adenocar-
cinoma tissue samples or ascites fluid were implanted
in mice, CD117-positive cells were found to have a
100-fold higher tumorigenic potential than CD117-
negative cells [31]. Furthermore, CD117 expression
has been associated with resistance to conventional
chemotherapy in patients [26].

Direct impact on CSCs, which significantly con-
tribute to relapsing drug-resistant tumor, with a
CD117-targeted toxin shows potential as a promising
approach for the treatment of ovarian cancer [25—27].

Both in vitro and in vivo studies demonstrate
that metformin has a selective inhibitory effect on
CD44- and CD1i17-positive cell subpopulations, as
well as on CSCs glycoproteins that are involved in
tumor progression. In particular, metformin inhibits
cell adhesion, proliferation, migration, and contrib-
utes to the reduction of chemotherapy resistance [9].

Salinomycin, an ionophore antibiotic isolated
from Streptomyces albus, exhibits selective cytotox-
icity against CSCs [32—34]. Previous ovarian cancer
cell lines (OVCARS3) studies revealed an inhibitory
effect of paclitaxel combined with salinomycin on the
expression of CD44 and CD117 [32]. Similar results
were obtained in Lee et al. study of CD44- and CD117-
positive cells from the ascitic fluid of patients with
ovarian cancer, showing that salinomycin combina-
tied with paclitaxel reduces their viability and
induces apoptosis.

The use of a carrier mimicking high-density lipo-
protein to synthesize salinomycin-loaded high-den-
sity lipoprotein (S-HDL) demonstrated significant
antitumor activity in ovarian cancer by inhibiting the
translation of CSCs proteins including c-Myc,
NANOG, OCT4, and SOX2, which are associated
with chemoresistance and cancer recurrence [35].
Based on these data, the authors suggest that metfor-
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COBpEMEHHOH HAyKOHW HOBBIE 3a7la4ll B pa3paboTke
TapreTHOU Tepanuu JIJis 00PHOBI C PAKOM SHYHUKOB
[25—29].

CD117 KAK MAPKEP U ITPOTHOCTHNYE-
CKHNI ®AKTOP PAKA ANYHUKA

CD117 siB/IsIeTCS IEPCIEKTUBHBIM MAPKEPOM IS
uneHTudukanuu omyxosebix PCK npu pake saud-
HUKOB [4—6]. Beicokas skcmpeccus: CD117 cBsa3ana ¢
HeOJIarONPUATHBIM IPOTHO30M 3abosieBaHuA [3].
Meraananus, npoBefeHHbId L. Yang et al. u Biio-
YAIOI[AH CEMb UCCIIEIOBAHUH C yIACTHEM 1247 AU~
€HTOK C BIUTETUAJIbHBIM PAaKOM SHMYHUKOB, IOKa-
3aJ1, uto sKcrpeccrsi CD117 3HAUUTETHBHO KOPPETU-
pyeT c BO3pacToM, crajued IO KiaccupUKAIUU
FIGO, THCTOJIOTUYECKUM THUIIOM H CTENEHbBIO (-
(epennupoBku omyxosnu. bosee Toro, manueHTKy ¢
BBICOKOH 3Kcmpeccuelr CD117 /1eMOHCTPHUPOBAIH
CTATUCTUYECKU B3HAYMMO 00Jiee HUBKYI OOIIyIo
BBI’KMBAEMOCTb II0 CPaBHEHWIO C TAI[UEHTKaMH C
Hu3KO0# skcnpeccuein CD117. OgHAKO KOPPEIAInu
Mexay skcrpeccreil CD117 1 BBDKUBAEMOCTBIO Oe3
MpU3HAKOB 3abosieBaHUsI OOHApyKEHO He ObLIO.
Ananusz moArpynnbel mokasas, uro CD117 moxker
WUTpaTh POJIb MPOTHOCTHYECKOTO (aKToOpa y MOJIO-
JBIX ITanueHToB (710 60 jet) [25].

CD117 1 YCTOMYHUBOCTH K JIEYUEHUIO

CD117 Tak:Ke CBA3AH C YCTOWUYUBOCTHIO K XMMHUO-
tepanuu [10]. IloBbimeHHas 3kcrpeccus CD117
BBI3BIBAET XUMHOPE3HCTEHTHOCTh K IMCIUIATUHY/
MMAKJINTAKCEJy Yepe3 aKTUBAITUI0 CUTHAJIBHOTO ITyTH
Wnt/B-katenun-ABCG2 [30]. B wucciemoBanuu, B
KOTOPOM KJIETKH U3 00pa3loB TKAHU CEPO3HOU ajie-
HOKapIIMHOMBI SUYHUKOB U€JIOBEKA WJIN aCIlUTHOU
JKUIKOCTH OBLIM BBEJIEHBI MbIIIaM, ObLIO OOHaApYy-
skeHo, yTo CD117-110J10KUTEIbHbIE KJIETKH UMEJIH B
100 pas 60J1ee BBICOKUH TYMOPOTE€HHBIH TTOTEHITHA,
yem CDi117-HeratuBHble KieTku [31]. Kpome Toro,
skcrpeccuss CD117 6bUIa CBA3aHA C YCTOWUYUBOCTHIO
K TPAIUITMOHHOW XMMUOTEPAITUH ¥ TIAIIEHTOB [26].

[Ipsamoe Bo3zetictBue Ha PCK, KOTOpble BHOCAT
3HAYUTEIbHBIN BKJIAJT B PENUAUB JIEKapCTBEHHO-
YCTOWYHMBOH OITyXOJIH, C IIOMOIINBI0 TOKCHUHA, HaIlle-
aeHHoro Ha CD117, neMOHCTpUpyeT MOTeHIIHAJl B
KauecTBE MHOTOO0O0EIIAIOIEro I0oAX0Aa K JI€UeHUIO
paka sUYHUKOB [25—27].

HcenenoBanus, IpoBeJeHHBIE KaK 1N Vitro, Tak U
in Vivo, IEMOHCTPUPYIOT, YTO MeT(GHOPMHUH OKa3bI-
BaeT CeJIEKTUBHOE MHTHOUpYIOlee BO3/EHCTBIE HA
nomynsauuu CD44- u CD117-110710KUTETBHBIX KJle-
TOK, a TaKKe Ha riukomnporendbl PCK, koTopsie yua-
CTBYIOT B IIPOTPECCUPOBAHUHU OITyXOJIM. B yacTHO-

min and salinomycin may represent a promising
strategy to improve patient survival and prevent can-
cer recurrence, including ovarian cancer.

CORRELATION WITH OTHER MARKERS
AND FEATURES OF METASTASIS IN
OVARIAN CANCER

Many studies have established a direct correla-
tion between CD117 expression and various factors
such as chemoresistance, advanced clinical stage,
high grade, as well as SOX2, COT4, and NANOG
markers [1, 3, 8, 36]. CD117 overexpression in extra-
cellular vesicles of ovarian cancer cells positively cor-
relate with more aggressive tumor invasion [3].
CD117 is an important marker and potential thera-
peutic target in ovarian cancer, especially in the
CD117+ subtype. Understanding the role of CD117 in
the development and progression of the disease may
contribute to the development of new diagnostic and
therapeutic strategies [1, 3, 8—11].

Unlike many other cancers that spread primarily
through hematogenous routes, ovarian cancer tends
to transcoelomic metastasis, through the peritoneal
cavity [10, 12]. Metastasizing to the greater omentum
is very common, requiring precise coordination
between tumor cells and metastatic microenviron-
ment [28]. The processes of metastasis in ovarian
cancer are a multi-step and complex sequence of
events. First, cancer cells detach from the primary
tumor and become capable of survival outside the
tumor mass, which indicates their resistance to apop-
tosis [8]. Then, they attach to the omentum and pen-
etrate its structure, changing their metabolism and
switching to the use of lipids that are abundant in this
structure [3]. Ovarian cancer cells undergo significant
molecular changes, including increased CPT1A
expression, activation of ERK signaling pathways,
increased Bcl-X levels, loss of intercellular junctions,
and a shift to a more mesenchymal phenotype due to
EMT [16]. Ascitic fluid accumulates in the peritoneal
cavity, which facilitates the mobility of detached can-
cer cells and provides them with metastatic signals
[10]. In the ascitic environment, cancer cells aggre-
gate into multicellular spheroids which allows them
to evade immune surveillance and chemotherapeutic
effects [24]. These spheroids have a higher potential
for colonizing the greater omentum due to the ana-
tomical features of the abdominal cavity and the tro-
pism of cancer cells for adipose tissue [4]. Ovarian
cancer cells attach to the omental mesothelial layer
through interaction of integrins (cell surface proteins)
with mesothelin [23, 24]. Cancer cells enhance the
secretion of matrix metalloproteinases (MMP-2),
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cTH, MeThOPMUH UHTUOUPYET KJIETOUHYIO a/IT€3HIO,
nposirdepanuio, MUTPAIUIO U CITOCOOCTBYET CHUMKE-
HUIO YCTOWYMBOCTH K XUMHUOTepanuu [9].

CasmHoOMULIH, WOHOGOPHBIH  AHTHOUOTHK,
BBIZIEJIEHHBIN u3 Streptomyces albus, nposiBiser
CEJIEKTUBHYIO IIUTOTOKCUYHOCTH B oTHOIIeHnH PCK
[32—34]. IIpeapiaymiue wccieIOBaHUs, MTPOBEEH-
Hble Ha KJIETOYHBIX JIMHUAX paka sSUYHHKA
(OVCAR3), BBISBWIM WHTHOUPYIOIEE JIEHCTBUE
KOMOUWHAITUY CAJTMHOMHMIIUHA C TAKJIUTAKCETIOM Ha
skcnpeccnio CD44 u CD117 [32]. AHajmorudHbie
pesysibTaThl OBUIM TOJIy4eHbI B HCCIAETOBAHUH
H.G. Lee et al. [33, 34], T Ae Ha U30JIMPOBAHHBIX
CD44- u CD117-TI0JIOKUTEIBHBIX KJIETKAX, BBIZE-
JIEHHBIX U3 aCHUTUYECKOU JKUJKOCTU MAIlHEHTOK C
PakoM SIMYHUKOB, OBLJIO MTOKA3aHO, YTO CATMHOMU-
[OFH B KOMOWHAIIUH C MMAKJIUTAKCEJIOM CHHIKAET UX
JKU3HECITOCOOHOCTh U MHAYIIUPYET aroITo3.

[IpumeHeHVE HOCUTEJISI, UMUTHPYIOIIETO JIUIIO-
MMPOTEWHBI BBICOKOUW IUIOTHOCTH B KOMOWHAIIUU C
camunomunuaoMm (S-HDL), mpo/ieMOHCTPpUPOBAIO
BBIPQJKEHHYIO IIPOTHUBOOIYX0JIEBYIO aKTUBHOCTD ITPH
pake SAMYHUKOB 32 CUET MHTHOWPOBAHUSA TPAHCIISA-
nuu 6eskoB CSC, Bratouas c-Myc, NANOG, OCT4 u
SOX2, KOTOpbI€e CBA3AHBI C XUMHOPE3UCTEHTHOCTHIO
U penuauBoM paka [35]. Ha ocHOBaHWHM 3TUX JlaH-
HBIX aBTOPHI KCCIENOBAHUU O BIAUSHUU MeTdhOp-
MHWHA U CAJTMHOMUIIMHA TIPE/II0JIaraloT, UTO 3TH JIBa
mpemnapaTta MOTYT IIPECTaBJISITh COOOM MepCIIeKTHUBR-
HyI0 CTpaTeruio I YJIY4YIIeHUs BbIKUBAEMOCTH
MaIeHTOK U MPEeIOTBpAIlleH!s] PeUUBOB pakKa, B
TOM YHCJIE paKa TUYHUKA.

KOPPEJAIINA C APYTUMU MAPKEPAMMU
N OCOBEHHOCTMN METACTA3SUPOBAHUA
ITPU1 PAKE ANYHHNKA

Bo MHOTHX HCC/IeZOBaHUAX ObLIa yCTaHOBJIEHA
MpsiMasi KOppeJisus Mexxay skcrnpeccuern CD117 u
pasuuHbBIMU (HAKTOPAMU, TAKUMH KaK XUMHOPE3HU-
CTEHTHOCTb, TO3/IHSAS KIMHUUECKasl CTa/Ius, 3JI0Kave-
CTBEHHOCTh, a Takxke Mapkepamu SOX2, COT4 u
NANOG [1, 3, 8, 36]. BoJyiee BBICOKUI YPOBEHD JKC-
npeccuu CD117 BO BHEKJIETOUHBIX BE3UKYJIaX KJIETOK
PaKa SUYHUKOB ITOJIOKUTEJIBHO KOPPETUPYET ¢ OoJiee
arpeccUBHOM MHBa3ueH omyxosu [3]. CD117 siBisieTcst
B)KHBIM MapKepOM U ITOTEHITHAIbHOU TeparieBTHYe-
CKO¥M MUIIIEHBIO [TPU paKe SIUYHUKOB, OCOOEHHO IIPHU
noarune paka CD117+. Ilonumanue poau CD117 B
Pa3BUTHU U IPOTPECCUPOBAHUH TOTO 3a00JI€BAHMUS
MOKET CIIOCOOCTBOBATh pa3pabOTKe HOBBIX CTpaTe-
TUH JUAaTHOCTUKU U jieyeHus [1, 3, 8—11].

B oTinume OT MHOKeCTBA JIpYyTUX TUIIOB pakKa,
KOTOpBbIE PpACIPOCTPAHAIOTCA IPEeUMYyIeCTBEHHO

which promotes the degradation of vitronectin and
fibronectin. The developing fragments of these pro-
teins enhance the binding of a581 and aVf33 integrins
to cell membranes, which increases the migratory
and invasive capabilities of tumor cells [10]. Down-
regulation of E-cadherin in metastatic ovarian cancer
cells leads to the induction of as-integrin, which
enhances the binding of asfi-integrin to cleaved
fibronectins in the metastatic site. Activated a5p1-
integrin induces the phosphorylation of Src and FAK,
which promotes invasion through the mesothelium
and the omental basement membrane [14, 15]. After
penetrating into the mesothelium, ovarian cancer
cells begin to generate metastases by interacting with
the extracellular matrix, immune and stromal cells
[18]. Importantly, only a small percentage of detached
ovarian cancer cells are able to metastasize [1, 3, 6].
These cells are called metastasis-initiating cells
(MICs). The study of MICs is an important field of
ovarian cancer research, as it may lead to the develop-
ment of new therapies [9, 10]. The origin of MICs in
ovarian cancer is controversial [1, 3, 8—11]. Some
researchers believe that they originate from the fallo-
pian tube epithelium, while others suggest that they
derive from the ovarian surface epithelium [1, 8, 9].
Studies show that cells originating from the fallopian
tube epithelium may be more aggressive and resistant
to chemotherapy, as well as prone to invasion [3, 8].
Given the importance of metastasis for the ovarian
cancer progression, current research is aimed at iden-
tifying new therapeutic targets to suppress metasta-
sis. Promising directions include MMP inhibitors,
integrin antibodies, and drugs that block metastasis-
associated signaling pathways

CONCLUSION

CD117 is a key marker of tumor stem cells, the
expression of which is associated with an unfavor-
able prognosis of the disease. CD117 overexpression
is associated with chemoresistance, advanced clini-
cal stage, high grade, and more aggressive tumor
growth. Importantly, CD117-positive ovarian cancer
can be combined with other oncological diseases,
which complicates diagnosis and treatment. It is nec-
essary to continue research into the characteristics of
CD117-positive ovarian cancer in order to develop
more effective strategies for diagnosis, treatment,
and prognosis of this aggressive subtype of cancer.
Particular attention should be paid to the search for
new therapeutic targets the CD117 signaling pathway
and reduce treatment resistance.
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yepe3 reMaTOTeHHBIN IyTh, PaK SUYHUKOB HMeEET
TEH/IEHIINIO K TPAHCIEIOMUYECKOMY MeTacTa3hupo-
BaHUIO — Yepe3 OPIOIIHYI0 MOJIOCTh [10, 12]. Yacto
HaOJIIOTaeTCsl MeTacTa3upoOBaHUe B OOJIBIIION cab-
HHUK, YTO TpeOYyeT CI0KHOU KOODJUHAIIMU MEXKITY
OIYXOJIEBBIMH KJIETKAMU U  MeTaCcTaTUYECKOH
mukpocpenoi [28]. IIporecchl MeTacTa3supOBaHUs
IIpU paKe SUYHUKOB IIPEJCTABIISIIOT COOOM MHOTO-
CTYIIEHYATYI0 M CJIOXKHYIO IIOCJIEZIOBATEHFHOCTh
coObITHH. B mTepBy1o ouepe/ib, pakOBbI€ KJIETKHU OT/Ie-
JISTIOTCST OT TMEPBUYHOM OIYXOJIM U CTAHOBSITCS CITO-
COOHBIMU K BBDKHBAHUIO BHE OITyXOJIEBOM MAacCHI,
YTO CBUJIETEJIBCTBYET 00 WX YCTOMUMBOCTU K AIIOII-
To3y [8]. 3aTeM OHUM IPUKPEIUISIOTCA K CATbHUKY U
MIPOHUKAIOT B €T0 CTPYKTYPY, U3MEHsIsI CBOH MeTabo-
JIN3M U TIEPeXoJisi Ha WCIOJIb30BAHUE JIMIIHOB,
O0OHJTbHO ITPUCYTCTBYOIINX B 3TOM MecTe [3]. B kiet-
KaX paka SUYHUKOB IPOUCXOMASAT 3HAYUTEIbHBIE
MOJIEKYJIIPDHbIE W3MeHEeHUs: HaOJIIOZaeTCsl YBEIU-
uyeHue skcnpeccuu CPT1A, akTuBaIus CUTHAIbHBIX
nyreii ERK, moBwimenue ypoBHs Bcl-X, motepst
MEXKKJIETOUHBIX COeJUHEHWH U Tepexon K 0Oosee
Me3eHXUMaJIbHOMY ¢deHOTUny B pesysbraTe DMII
[16]. B OGpromIHOLi MOJIOCTH HAKATTUBAETCS aCIIUTH-
yeckas JKUAKOCTb, KOTOpasi CIOCOOCTBYET IiepeMe-
IEHUI0 OTCIOUBIIUXCSA PAKOBBIX KJIETOK U IIPENO-
CTaBJIAeT UM MeTacTaTUYeCKHe CUTHAJIbl [10].
B acriutuueckoit cpesie pakoBble KJIETKU 00beIHA-
IOTCSI B MHOTOKJIETOUHBIE C(EPOU/IBI, UTO IIO3BOJISIET
1M n36eraTb UMMYHHOTO Ha/I30pa ¥ XUMUOTEPATIEB-
THUYECKUX BO3JIEUCTBUH [24]. ATU cPepouibl UMEIOT
0oJiee BBICOKHMH IIOTEHIIMAJI KOJIOHH3AIUH O0JIb-
IIIOTO CaJIbHUKA OJlaroziapss aHATOMHYECKHUM OCO-
OeHHOCTAM OPIOIIHOW IMOJIOCTH U TPOMU3MY PaKO-
BBIX KJIETOK K JKHUPOBOU TKaHW [4]. KileTku paka
SIMYHUKOB MPUKPEIUIIOTCA K Me30TeTHaTIbHOMY
CJIOI0 CAJIbHUKA Uepe3 B3aUMOZEHCTBIE UHTETPIHOB
(KJIETOYHBIX MTOBEPXHOCTHBIX OEJIKOB) C ME30TEeJH-
HOM [23, 24]. PakoBble KJIETKU yCHUJIUBAIOT CEKpe-
M0 MATPUKCHBIX MeTasuionporenHas (MMP-2),
YTO CIOCOOCTBYET paCIIeIIEHUI0 BUTPOHEKTHUHA U
ubponexkTrHa. O6pazoBaBiInecs GparMeHThl ITHUX
0€eJIKOB YCUJIMBAIOT CBA3bIBAHYIE MHTETPUHOB A5031 1
aVPB3 ¢ KIeTOYHBIMU MeMOpaHaMU, YTO IOBBINIAET
MUTPaAIMOHHbIE K UHBA3UBHBIE CIIOCOOHOCTH OITyXO0-
JeBbIX KiIeToK [10]. IlomaBieHuwe 3KCIIpeccuu
E-kajirepriHa B MeTaCTaTHUYECKUX KJIETKAX paKa sind-
HUKOB IPHUBOAUT K HHAYKIIUU O5-WUHTETPUHA, YTO
YCUJIMBAET CBS3bIBAHUE (5(1-MHTErpUHA C paciie-
IUIEHHBIMH (UOPOHEKTUHAMU B METaCTaTHUECKOU
30He. AKTUBUPOBAHHBINA A5Q31-UHTErPUH HHUIIHU-
pyer dochoprmiuposanue Src u FAK, uto crmocob-
CTByeT WHBA3WHM Yepe3 Me30TeJIMd U 0OaszabHYyIo
MeMOpaHy caysibHUKA [14, 15]. [Tocsie mpOHUKHOBE-

HUs B ME30TEJINH KJIETKU PaKa SIMYHUKOB HAUNHAIOT
¢dopMHUpOBaTh MeTacTa3hbl, B3AUMOJIEUCTBYSI C BHE-
KJIETOYHBIM MaTPUKCOM, UMMYHHBIMH U CTPOMAJIb-
HBIMHU KJyieTkamu [18]. BaskHO OTMETHTbh, UTO JIUIIb
HeOOJIBIIION TIPOIEHT OT/AEIUBIINXCA KJIETOK paka
SIMYHUKOB 00J13/1aeT CIIoCOOHOCTHIO K METAaCTa3HPO-
BaHUIO [1, 3, 6]. ITH KJIETKU HA3hIBAIOT MeTacTaTHU-
YyecKd MHUNUUpyomumMu kierkamu (MIC). Usyue-
"Hue MIC aBisgercs BaXHOM 00JIaCTBbIO HCCIIELOBA-
HUI paka SHYHUKOB, TaK KaK 5TO MOKET IIPUBECTH K
pa3paboTke HOBBIX METOOB JieueHus [9, 10]. IIpo-
HUCXOKJIEHNE MEeTaCTa3uPYIOIUX KJIETOK IPHU pake
SIMIHUKOB SIBJISETCS JIUCKYCCHOHHBIM BOIIPOCOM [1,
3, 8—11]. HekoTopbie uccaeq0BaTENH MOJIAraoT, YTO
OHU IIPOUCXOJIAT U3 ANUTEINHA (HAJIOMHEBOU TPYOHI,
TOT/Ia KaK JIPyTHE CUUTAIOT, YTO OHU (POPMHUPYIOTCS
U3 TIOBEPXHOCTHOTO SIHTENUs SU4YHUKa [1, 8, 9].
HceneqoBaHusa MOKa3bIBAIOT, YTO KJIETKH, IIPOUCXO-
JISIEe U3 SIUTEeIus (PajiyionueBodl TPyObl, MOTYT
ObITH 6OJiee arpecCHUBHBIMHU U YCTOMUHMBBIMU K
XUMHOTEPAINY, a TaKKe CKJIOHHBIMH K WHBa3HU
[3, 8]. YuuTbiBasi BAXKHOCTh METACTAa3UPOBAHUS JJIA
MPOTPECCUPOBAHUS paKa SSUYHUKOB, COBPEMEHHBIE
HCCJIEZIOBAHUS HAIIPaBJIEHbl HA BBIABJIEHHE HOBBIX
TepaneBTUYECKUX MUIIIEHEH /IS TTO/IaBJIEHUS MeTa-
crazupoBanus. Cpey NEpPCHIEKTUBHBIX HaIlpaBJie-
HUH BbIIenAoTcss uHrubutoper MMP, anTuTeNa K
WHTETPUHAM U IIPenapaThbl, 0JI0KUPYIOIIHe CUTHATb-
HbIE ITyTH, CBSI3aHHBIE C METACTA3UPOBAHUEM.

3AK/IIOYEHUE

CD117 aBiseTca KII0YeBBIM MapKePOM OIIyXOJie-
BBIX CTBOJIOBBIX KJIETOK, DKCIIPECCUS KOTOPOTO CBSI-
3aHa C HeOJIArONpPUATHBIM IPOTHO30M 3aboseBa-
HuA. Beicokuil ypoBeHs skcrpeccun CD117 xoppe-
JIUpYyeT C XUMHUOPE3UCTEHTHOCTHIO, IT03/ITHEH KIIMHU-
JecKOM cTasuel, 3JI0KaueCTBEHHOCThIO U OoJiee
arpecCUBHBIM POCTOM OIIyXOJIU. BaKHO OTMETHUTH,
uro CD117-TI0JIOKUTEIBHBIA PaK SIMYHUKA MOXKET
COYETAThCS C IPYTUMH OHKOJIOTHYECKUMHU 3aboJie-
BAHUSAMHU, YTO YCJIOKHSET TUATHOCTUKY U JIeUEHUE.
Heobxoammo mpoonKaTh UCCIIEIOBAaHUS OCOOeH-
Hocrer CD117-IIOJIOKUTEJIBHOTO paKa SUYHUKA,
4T00BI pa3zpaboTaTs 60s1ee 3 GEKTUBHBIE CTPATETUH
JIUaTHOCTUKY, JIEYEHU U MPOTHO3UPOBAHUSA 3TOTO
arpecCUBHOTO IOATUIIA OHKOJIOTHYECKOTO 3abosie-
Banus. Ocoboe BHUMAaHUE CIIEAYET YAEJIUTh IOUCKY
HOBBIX TEpANleBTUUECKUX MUIIIeHel, Bo3/lelicTBIe Ha
KOTOpbI€ TO3BOJIUT IOAABJATh CUTHAJIBHBIH IYTh
CD117 1 cHI>KaTh YCTOUYUBOCTH K JIEUEHUIO.
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DTHONAaTOTreHeTUYeCKHe aClleKThI UCII0Jb30BaAHUA
NMPOOHOTHYECKUX MIPENapaTroB y NAIlMEHTOB C O:KUPEHUEM
1 N30BITOYHOM MAaCCOH TeJia
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AHHOTAIINA

B nocsenHue TeCATUIETHS OXKUPEHUE U M30BITOYHAA Macca Tesla CTAJIN OJHOH U3 CyIIeCTBEHHBIX IIPobsieM ob1eMupo-
BOTO 37IpaBOOXpaHeHusA. HeyKIOHHBIH pocT 3a60s1eBaeMOCTH, GOPMUPOBAaHUE OCTIOKHEHUH ¥ KOMOPOU/THBIX COCTOSHUH,
VHBUINIA3AIUS U YBEJIMUEHNE CMEPTHOCTU Y TMAIMEHTOB C OKUPEHUEM YKa3bIBAIOT HA HEOOXOAUMOCTh Pa3pabOTKH
HOBBIX METOJIOB JIeUeHHs U TPOMUIAKTHKHI JaHHOTO 3a60s1eBanusi. [[0Ka3aHO, YTO HEKOTOPbIE IIPOOHOTHYECKIE [IPerna-
paThl CIIOCOOCTBYIOT CHIKEHHUIO MAacChl Tesia. B 0630pe mpezcTaBiieH aHAIN3 JAHHBIX COBPEMEHHBIX OT€YECTBEHHBIX U
3apy0esKHBIX UCCIIEIOBAHUM, KACAIOLIUXCS IIPUMEHEHHUS OIIPE/IEIEHHBIX IIITAMMOB OaKTEPUH Y JIUI] C O3KUPEHUEM U U30bI-
TOYHOU Maccoii TeJia ¢ IPEBEHTUBHOW 1 TEPAIIEBTUYECKON LIeIAMU. PacCMOTPEHBI KaK «KJIACCHYECKHE» aHOPEKCUTEHHbIE
mukpoopranusmsl (Bifidobacterium spp., Lactobacillus spp., Saccharomyces boulardii), Tak 1 TPOOGUOTUKH «CIIEYIO-
mero» mokosienus (Akkermansia muciniphila, Enterococcus spp., Faecalibacterium prausnitzii, Bacteroides spp.,
Streptococcus spp., Eubacterium rectale, Blautia spp., Christensenella minuta). OnucaHbl OCHOBHBIE TIATOT€HETHYECKHE
ACIIEKThI CHU)KEHUsI MACChI TeJIa IIPU IPUMEHEHHH YKa3aHHBIX IPOOHOTHYECKIIX IPENapaToB (YMeHbIIeHHe IIPOHUIIAEMO-
CTU U yCUJIEHHE 3aUTHBIX GYHKIIUN KUIIEYHOTO SIIUTEINS, BO3ZAEHCTBIE HA MUKPOOUOM MHUIIEeBAPUTEIFHON CUCTEMBI,
IIPOsIBJIEHHE IIPOTHBOBOCIIATTUTEILHON aKTUBHOCTH).

Kaouessble caoea: oXupeHre, MUKPOOMOTa KUIIEYHUKA, STHOMATOTEHE3, AHOPEKCUTEHHBIE IITaMMbI OAKTepUid, IPO-
OUOTHKH.

Oo60pasen murupoBauua: KapaBo3osa A.E., Menmukosa B.E., Kapuesa T.B., Pa6uuenxo T.U., O6yxosa O.0.
ATHONATOT€HETUYECKHE ACTIEKTHI HCII0I30BaHHUsA IPOOHOTHUECKUX TPENIAPATOB Y MAIUEHTOB C O’KUPEHUEM U N30BITOU-
HoI Maccoi Tesa // Journal of Siberian Medical Sciences. 2025;9(2):97-111. DOI: 10.31549/2542-1174-2025-9-2-97-111

Etiopathogenetic aspects of the use of probiotics in obese
and overweight patients

A.E. Karavozova!, V.E. Menshchikova!, T.V. Kartseva!, T.I. Ryabichenko?, O.0. Obukhova?

* Novosibirsk State Medical University, Novosibirsk, Russia
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ABSTRACT

In recent decades, obesity and overweight have become one of the significant problems of global public health. The steady
growth of morbidity, development of complications and comorbid conditions, disability and an increase in mortality in
obese patients indicate the need to develop new methods of treatment and prevention of this disease. It has been proven
that some probiotics contribute to weight loss. The review presents an analysis of data from modern domestic and foreign
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studies concerning the use of certain bacterial strains in obese and overweight people for preventive and therapeutic pur-
poses. Both classic probiotics with anorexigenic effect (Bifidobacterium spp., Lactobacillus spp., Saccharomyces boular-
dit) and next-generation ones (Akkermansia muciniphila, Enterococcus spp., Faecalibacterium prausnitzii, Bacteroides
spp., Streptococcus spp., Eubacterium rectale, Blautia spp., Christensenella minuta) are considered. The main pathoge-
netic aspects of weight loss when using these probiotics (reduced permeability and enhanced protective functions of the
intestinal epithelium, effects on the gut microbiome, anti-inflammatory activity) are described.

Keywords: obesity, gut microbiota, etiopathogenesis, bacterial strains with anorexigenic effects, probiotics.
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BBEJIEHHNE

PacipocTpaHeHHOCTh OXKHUPEHUS ITOBCEMECTHO
MPO/IOJKAET YBEJIMUUBAThCS, IpUoOpeTas Mac-
mTabbl TAHAEMHIH, 4TO JIeJIaeT JJaHHOe 3a00Ji1eBaHne
o61eMupoBoi mpobsiemoii [1]. Ilo manubiM BO3 B
2022 1. n36bITOYHAsA Macca Tesa Oblia 3apUKCUpO-
BaHa OoJiee 4eM y 2,5 MJIPJ B3POCJBIX JIIOJEH, U3
KOTOPBIX 0OJiee TPeTH CTPaJaId OKUpeHHeM. B To
3Ke BpeMs MHJIEKC MacChl TeJia, TPEBBIIIAOIINN 3Ha-
YeHHue 25, UMEeJIH TOPsAKa 37 MJIH JeTeld MIIajIe
5 JieT u 60J1ee 390 MJTH JIUI] B BO3PACTE OT 5 710 19 JIET,
Cpeiu KOTOPBIX IMATHO3 «OKUPEHUe» ObLIT IOCTaB-
JIeH 160 MUTH [2]. DKcriepTHast OIleHKa M0Kas3asia, 4To
IIpU YCJIOBHUU COXPAaHEHUs TEMIIOB IIPUPOCTa K
2030 T. IPUOJU3UTETBPHO 60 % HaceIeHUS TIJIAHEThI
OyayT uMeTh u30ObITOUHyI0 Maccy Tena [3]. Poct
3a00JIeBa€MOCTH, BBICOKHE PUCKH PA3BUTHSA OCIIOK-
HEHUU U NpeXJeBPEMEHHON CMEPTH OIpeessaioT
HeOoOXOAMMOCTh IIOMCKAa Haubojiee OITHUMAaJIbHOM
CTpaTETHH BMeEIATEIhCTB, HAIIPABJIEHHBIX HA Jede-
HUe U TPOPUIAKTUKY OKUPEHU [4].

JloxazaHo, 4uTOo B (POPMHUPOBAHUH 3DK30T€HHO-
KOHCTUTYITUOHAJIbHOTO OKUPEHHS Yy4acTBYeT He
TOJIBKO COBOKYITHOCTH (DaKTOPOB «T'€HETHKA, ITHUIIe-
BbI€ IPUBBIYKH U OTCYTCTBUE (DU3UUECKON aKTUBHO-
CTH», HO U COCTaB MHUKPOOUOTHI KUIIEUHUKA [5, 6].
I[TosTOMy TIOMHUMO «KJIACCHYECKUX» BapHaHTOB
Tepanuu, K KOTOPbIM OTHOCHUTCS IPUMEHEHUE aro-
HHUCTOB PEIENTOPOB IJIFOKATOHOIIOIOOHOTO IIel-
tuza-1 (JIMparIyTUI) Wi HHTUOUTOPA JKeJTyI0UHO-
KUIIIEYHBIX Jiuna3 (OpJIrcTaT), HaygdHoe coo0IecTBO
COCPEIOTOYMIIOCh HAa HCCIEIOBAHUH MUKPOOHoOMa
KUIIIEYHUKA KaK BO3MOXKHOU IIeu JiJIsi OOphOBI ¢
OXKHUpeHueM [6].

CorytacHo MexIyHapoTHOM HayYHOH accorua-
nuu npobuotukos u npebuotukos (ISAPP), mpo-
OUOTUKU OIPEEIAIOTCA KaK «KHUBbIe MUKPOOPTa-
HU3MBbI, KOTOpble IpU IIpHeMe B aJIeKBaTHBIX

INTRODUCTION

The prevalence of obesity continues to increase
worldwide reaching pandemic proportions, mak-
ing this disease a global problem [1]. According to
WHO, in 2022, overweight was recorded in more
than 2,5 billion adults, of whom more than a third
were obese. At the same time, about 37 million
children under 5 years of age and more than 390
million people aged 5 to 19 years had a body mass
index exceeding 25, of which 160 million were
diagnosed with obesity [2]. Expert assessment has
shown that, on condition the existing growth rate
is maintained, approximately 60% of the world’s
population will be overweight by 2030 [3]. The
increase in morbidity, high risks of complications
and premature death determine the need to find
the most optimal strategy for treatment and pre-
vention of obesity [4].

It has been proven that not only the combination
of such factors as genetics, dietary habits and lack of
physical activity, but also the gut microbiota compo-
sition are involved in the development of diet-
induced and genetically inherited obesity [5, 6].
Therefore, in addition to classical treatment options,
which include the use of glucagon-like peptide-1
receptor agonists (liraglutide) or an intestinal lipase
inhibitor (orlistat), the scientific community has
focused on studying the gut microbiome as a possible
target for combating obesity [6].

According to the International Scientific Associa-
tion for Probiotics and Prebiotics (ISAPP), probiotics
are defined as “live microorganisms which, when
administered in adequate amounts, confer a health
benefit on the host” [7]. The use of gut bacteria
strains with anorexigenic effect as probiotics in com-
bination with dietary pattern modification is consid-
ered a more accessible and cost-effective method for
preventing the development of obesity for both the
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KOJIMYeCTBaX IPHUHOCAT  TMOJIb3Y  3I0POBBIO
xo3sauHa» [7]. Mcmonb30BaHUEe aHOPEKCUTEHHBIX
MITAMMOB  OakTepué  KeIyI0YHO-KUIIEYHOTO
TpaKTa B KauecTBe MPOOUOTUYECKHUX IIPEMapaToOB B
COBOKYIHOCTH C M3MEHEHHEM pal[ioHa MUTAHUs
cunTaercsi 0Oojiee JOCTYITHBIM U KOHOMHYECKH
BBITOJHBIM METOZOM IPEAOTBPAIEeHUs Pa3BUTHUSI
O0KMPEHUS KaK JJIsl HaCeJIEHHsI, TAK U JJIST CHCTEMBI
3/IpAaBOOXPAaHEHUs] [0 CPAaBHEHHIO C JAPYTUMH
MeIUKAaMEHTO3HBIMU U XHPYPrUUYECKUMHU BMeIla-
TesbeTBamu [8].

ITEJIb UCCJIEJIOBAHUSA

AHau3 pesyJIbTaTOB UCCIEN0BAHUM, ITOCBAIIEH-
HBIX U3YUYEHUIO BIUSAHUS MpHeMa IPOOUOTUUECKHUX
MpernapaToB Ha CHI)KEHKE MAacChl TeJla U YMEeHbIIe-
Hre 00beMa BUCIIEPATIBHOIO KMpPa B OPraHU3MeE Y
JIUI ¢ OKUPEHUEeM M M30BITOYHOU MAaccod Tejla U
OLIEHKE MeXaHU3MOB BO3/eHCTBUS HanboJiee 3HAUM-
MBIX MHKPOOPTaHM3MOB Ha IIPEIOTBPAIleHHE pas-
BUTHSA 5TOro 3a00/1€BaHu.

«KJIACCUYECKUE» ITPOBNOTUKUA

Mogynsanusa MUKPOOHOTHI KHUIIIEYHUKA ITPOOHO-
THKaMH MOJKET CII0COOCTBOBATh CHMIKEHUIO Beca,
MH/IEKCA MACChI TeJIa ¥ IIPOIEHTA COIEPIKAHUSA KUPa
B opraHusMe. 13 3TOro cjeiyer, 4To mpoOHOoTHYe-
CKUe€ IITaMMBI MOTYT UCIIOJIb30BaThCS IIPH JIEUEHUN
OKMPEHUsI WIH B KAUeCcTBe ero MpodUIakTUKA IS
JmIn, U3 Tpymmbel pucka [4]. Hambonee nzyueHHble
IIPOOMOTHUKHY, XOPOIIIO 3apeKOMEH/I0BaBIINE ce0s B
6oprbe c oxxkupenuem — Lactobacillus, Bifidobac-
terium, a TakKe MPEJCTABUTETH JPOMKIKEBBIX TPUO-
koB Saccharomyces boulardii [9, 10]. K uzyueHHBIM
MeXaHU3MaM JIEHCTBUSI JAHHBIX «KJIACCHUECKUX»
MIPOOUOTHUKOB MIPU OKUPEHUU OTHOCSTCS: MOJIYJIS-
U KUIIEYHOH MHUKPOQJIIOPhl M yCTPAHEHUE JIUC-
06m03a KUIIIEYHUKA, YCUIeHe 6aphepHOU (QYHKIIMH
KOJIOHOITUTOB C YMEHbIIIEHUEM SIBJIEHUH DH/IOTOKCE-
MHUHU U TIOCJIEICTBUN OKUCJIUTEIBHOTO CTPECCa, UTO
MTOJIO’KUTEIBHO BJIUSET HAa SHEPTETHUECKHI OOMEH B
JKHPOBOH U JPYTHUX TKAHAX [6].

Bifidobacterium (B.) spp. Ucnonb3oBanue
MPOOUOTUYECKHUX COCTABOB, CO/Ep:KAIUX OH(UI0-
Gakrepun (B. bifidum, B. breve, B. longum,
B. animalis subsp. lactis), B ieueHnU y TAIUEHTOB C
OKMPEHUEM, CaXapHBIM Ua0eTOM U HEaIKOIOJib-
HOH >KHPOBOH OOJIE3HBIO ITEUEHU IIOKA3AJI0 CHIKE-
HUe Macchl TeJla ¥ aKTUBHOCTU MapKEPOB CTeaTOre-
[aTo3a, a TaKKe YMEHbBIIEHHE YPOBHS TIJIIOKO3BI
CBIBOPOTKU KPOBH U CTEIEHU WHCYJIMHOPE3UCTEHT-
HOCTH [11]. DKCIIepUMEHTaIbHO HOATBEPKIEHO, UTO
B. animalis subsp. lactis 420 (B420) y4yacTtByeT B
CO3/IaHUH IUIOTHBIX COEIUHEHUU MEX/Iy SIUTEJIU-

population and the health care system compared to
other approaches — medication and surgical inter-
ventions [8].

AIM OF THE RESEARCH

Analysis of the results of studies devoted to the
effects of probiotics on weight loss and decrease in
the visceral fat volume in obese and overweight indi-
viduals and assessment of the mechanisms of action
of the most significant microorganisms in preventing
this disease development.

CLASSICAL PROBIOTICS

Modulation of the gut microbiota by probiotics
can contribute to weight loss, decrease in body mass
index and body fat percentage. This suggests that
probiotic strains can be used in the treatment of obe-
sity or its prevention for individuals at risk [4]. The
most studied probiotics that have proven themselves
in the fight against obesity are Lactobacillus, Bifido-
bacterium, and the yeast Saccharomyces boulardii
[9, 10]. The studied mechanisms of action of these
classical probiotics in obesity include: modulation of
the gut microflora and amelioration of intestinal dys-
biosis, improvement of colonocyte barrier function
with a decrease in endotoxemia and oxidative stress
consequences, which has positive effect on energy
metabolism in adipose and other tissues [6].

Bifidobacterium (B.) spp. The use of probiot-
ics containing bifidobacteria (B. bifidum, B. breve,
B. longum, B. animalis subsp. lactis) in the treat-
ment of patients with obesity, diabetes mellitus and
non-alcoholic fatty liver disease showed a decrease
in body weight and activity of fatty liver disease
markers, as well as a decrease in serum glucose levels
and degree of insulin resistance [11]. It has been
experimentally confirmed that B. animalis subsp.
lactis 420 (B420) is involved in the recovery of tight
junctions between epithelial cells, which leads to a
decrease in intestinal permeability by preventing
bacterial translocation and reducing the inflamma-
tory activity derived from lipopolysaccharides [o,
10]. All of the above mechanisms lead to an increase
in insulin sensitivity in the hypothalamus, which
improves satiety [9]. The study of the presented
strain, performed by Uusitupa et al. (2020) [10],
proved its ability to restore the gut microbiome by
increasing the abundance of Akkermansia muciniph-
tla. When exposed to B. infantis and B. bifidum,
there was a significant decrease in the level of intes-
tinal endotoxins without an increase in IL-6, TNF-q,
IFN-y [1, 12, 13]. When studying the gut microbiota
composition in adults and children, a lower abun-
dance of Bifidobacterium was recorded in obese
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JIbHBIMHU KJIETKAMHU, YTO MPUBOJUT K CHIKEHUIO
MIPOHUIIAEMOCTH KHUINEYHUKA IyTEM IIPeJ0TBpallie-
HUSI TPAHCIOKAIIMU OaKTEpU M CHUKEHUSI aKTHB-
HOCTH BOCHAJIEHUsI, OOYCJIOBJIEHHOTO JIeHCTBHEM
JIUTIOTIOICAaXapusoB [9, 10]. Bce BhImenepeurc-
JIEHHbIE MEXAHU3MbI IIPUBOZAT K YBEJMUEHUIO UyB-
CTBUTEJIbHOCTH K WHCYJHWHY B THIIOTAJIaMyCe, YTO
VCKOPSIET TOsIBJIEHWE 4YyBCTBA HACHIEHUs [9].
UcceroBaHue MpECTaBJIEHHOTO IITaMMa, MPOBe-
nmernHoe H.M. Uusitupa et al. (2020) [10], nokaszano
€ro crrocoOHOCTh K BOCCTAHOBJIEHUI) MUKpPOOHOIIE-
HO3a KUIIEYHWKA IyTEM YBEJIMUYEHUs PACIIPOCTPA-
HeHHOCTH Akkermansia muciniphila. Tlpu Bo3zneii-
crBuu B. infantis u B. bifidum oTmeuanoch 3Ha4H-
TEJIbHOE CHUYKEHHE YPOBHS 9H/IOTOKCHHOB B KHIIIEY-
HuKe 6e3 yBennuenus NJI-6, ®HO-a, UDPH-y [1, 12,
13]. IIpu mu3yuyeHHUU cocTaBa MUKPOOHOTHI KHIIEY-
HUKA Y B3POCJIBIX U JIETEH 3aperucTPUPOBAHO 6Gosiee
HU3KO0e KoyinuecTBO Bifidobacterium y nur ¢ 03Ku-
peHUEM, YeM y 3I0POBBIX IOOPOBOJIBIEB [1, 14, 15].
OZHAKO UTAJIbIHCKOE UCCIIeIOBAaHUE IETCKOTO Hace-
JIEHUsI 7—17 JIET 2024 T. BBIABUJIO, YTO KOJIMYECTBO
B. longum subsp. infantis u B. breve 6bL10 BbIIIE ¥
JleTel ¢ oxupeHueM, a B. bifidum u B. longum subsp.
longum — HIXe TO CPaBHEHUIO CO 3I0POBBIMU
JeTbMu [14].

Lactobacillus (L.) spp. Ilo nanasiM E. Ama-
bebe et al. (2020) [8] 6osree 60 % ucciemoBaTesb-
CKUX paboT, MPOBEJEHHBIX 110 2020 T., IPOJEMOH-
CTPUPOBAIA CHUYKEHHE MAacChl Tejla U/WIH JKUpa B
OpraHu3Me 4YeJIOBEeKa, 3aBUCAINlee OT BHUZAA
Lactobacillus. Tlpu ucciefnoBaHuu 43 A0O6POBOJIb-
1IeB ¢ UBOBITOYHON MacCOH Tejia, KOTOPhIE B TEUEHHE
12 HeJl KOK/IBIU IeHb TOTPe0Isin 200 T PepMeHTH-
POBaHHOTO  MOJIOKA,  COJIEPIKAILEro  IITaMM
L. gasseri, HabII0IQIOCH 3HAYUTEIPHOE CHUKEHUE
BHCIIEPAJIBHOTO U IOJIKOKHOTO JKUPA, MACChI TeJa,
uHAekca Macchl Tesia (MMT), OKpyKHOCTEH TaTuu |
Oezlep IO CPaBHEHUIO C JIUIAMH, KOTOPbIE YIOTpe-
Oysim bepMEHTHPOBAHHOE MOJIOKO 0e3 /106aBOK
[15]. TobaBneHre B palOH IMUTAHUS C BBICOKUM
cozepskanueM KUpoB L. paracasei F19 okasbiBasio
AHOPEKCUTEHHOE JIeHCTBHE HA OPTAaHU3M, CHUKAs
YPOBEHb TPHAIWITJIUIEPUHOB B CHIBOPOTKE W
yMeHbIIIasl OTJIOKEHUE JKupa B euenu [16]. [Ipobu-
otuku L. curvatus HY7601 u L. plantarum KY1032
Tak’Ke BbI3bIBAJIM CHHUKeHHe macchl Teaa, UMT u
OKpy:kHOcTH Tanmuu [17, 18]. B wucciemoBanuu
Ha J1abOpaTOpPHBIX JKUBOTHBIX L. fermentum
CECT5716 1poJieMOHCTPUPOBAJ MIPOTUBOBOCIIAJIU-
TeJIbHOE JIeMCTBHE, CIIOCOOHOCTh MOJIYJIMPOBAThH
COCTaB MHKPOOUOTHI, YBEJIMUMBAsA COJEPKAHIE
Akkermansia spp., Bacteroides, yMeHbIIas KoJiA4de-
ctBo Erysipelotrichi u Clostridium spp. ¢ mocJezayo-

individuals than in healthy volunteers [1, 14, 15].
However, an Italian study of the child population
aged 7—17 years in 2024 found that the abundance of
B. longum subsp. infantis and B. breve was higher in
obese children, and B. bifidum and B. longum subsp.
longum were lower compared to healthy children
[14].

Lactobacillus (L.) spp. According to Amabebe
et al. (2020) [8], more than 60% of studies con-
ducted by 2020 have demonstrated a reduction in
body weight and/or body fat in humans, depending
on the Lactobacillus species. In a study of 43 over-
weight volunteers who consumed 200 g of fermented
milk containing the L. gasseri strain daily for
12 weeks, there was a significant decrease in visceral
and subcutaneous fat, body weight, body mass index
(BMI), waist and hip circumferences compared to
individuals who consumed fermented milk without
supplements [15]. Supplementation of a high-fat diet
with L. paracasei F19 had an anorexigenic effect,
reducing serum triacylglycerol levels and reducing
fat storage in the liver [16]. L. curvatus HY7601 and
L. plantarum KY1032 probiotics also caused a
decrease in body weight, BMI and waist circumfer-
ence [17, 18]. In a model of high fat diet-induced obe-
sity in mice, L. fermentum CECT5716 demonstrated
anti-inflammatory properties, the ability to modu-
late the microbiota composition, restoring Akker-
mansia spp. abundance, Bacteroides, reducing the
abundance of Erysipelotrichi and Clostridium spp.
with subsequent restoration of endothelial function
[19]. However, it should be noted that some Lacto-
bacillus species, including L. acidophilus, may be
associated with weight gain due to their limited abil-
ity to breakdown fructose or glucose [20], but a study
by Chinese scientists has confirmed the anorexigenic
effects of this probiotic by enhancing glucose and
lipid metabolism, suppressing the activity of obeso-
genic flora, as well as maintaining the intestinal bar-
rier integrity, reducing metabolic endotoxemia, and
inhibiting the TLR4/NF-xB signaling pathway [21].

Saccharomyces (S.) boulardii. It is known
that the use of yeast probiotics, which include S. bou-
lardii, in mice models led not only to a change in the
gut microbiota composition with a decrease in repre-
sentatives of the phylum Firmicutes and an increase
in Bacteroidetes, but also a decrease in circulating
inflammatory mediators and, as a result, in fat mass
[8]. In addition, a 2021 Brazilian study demonstrated
that in mice with streptozocin-induced diabetes mel-
litus, administration of S. boulardii for 8 weeks sig-
nificantly decreased oxidative stress parameters
(reduced carbonylated protein concentration and
increased activity of antioxidant enzymes — superox-
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IIIUM BOCCTAaHOBJIEHHEM 3H/0TEINATIbHOU QYHKIIUU
[19]. OmHako 3aMeTHUM, YTO HEKOTOPBIE BUABI Lacto-
bacillus, Bxitouas L. acidophilus, MoryT GBITH CBsI-
3aHBI C YBEJIMUEHUEM MAacCChl TeJla B pe3yJIbTaTe HX
OTpAaHUYEHHOH CITOCOOHOCTH PACIIEILIATh (PPYKTO3Y
WIN TJII0KO3Y [20], HO B paboTe KUTAHUCKUX YIEHbIX
OBUIM TIOATBEPK/IEHBI AHOPEKCUTeHHBbIE 3(P(PEKThI
9TOTO MPOOMOTHKA 32 CUET YCUJIeHHUs MeTabou3Ma
[JIIOKO3BI ¥ JINTIUIOB, II0/IaBJIEHUs aKTUBHOCTH 00e-
COTeHHOU (PJIOPHI, a TAKIKE MO/I/IEPIKAHUS [IEJIOCTHO-
CTU KHIIIEYHOTO Oapbepa, YMEHbBIIEHUsI MeTaboJIH-
YeCKOH DHIOTOKCEMHUU U CYIPECCUU CUTHAIHHOTO
mytu TLR4/NF-xB [21].

Saccharomyces (S.) boulardii. Vi3secTHO,
YTO TpPUMEHEHHUE [IPOJKIKEBBIX MPOOUOTUKOB, K
KOTOpBIM OoTHOCHUTCS S. boulardii, B uccieq0BaHUAX
Ha J1ab0PaTOPHBIX KUBOTHBIX IIPUBEJIO HE TOJIBKO K
W3MEHEHUI0 COCTaBa MHKPOOHMOTHI KHUIIEUHUKA C
yYMeHbIIIEHNEM IIpe/icTaBuTesiel prutyma Firmicutes
u yBenuueHweMm Bacteroidetes, HO W CHUKEHHIO
IUPKYJIUPYIONIUX BOCIATUTETHHBIX MEAHUATOPOB H,
KakK CJIeJICTBHE, ITOTEpe KUPOBOi Macch [8]. Kpome
TOTO, B Opa3MJIbCKOM HCCIENOBAaHUU 2021 T. OBLIO
MIPOJIEMOHCTPUPOBAHO, UYTO y MBIIIEH ¢ caxapHbIM
nuabeToM, WHAYIHUPOBAHHBIM CTPENTO30I[HOM,
npu ucnoak3oBanuu S. boulardii uepes 8 ez 10CTO-
BEPHO CHUKAJIUCh MTOKA3aTEeJU, XapaKTEPUBYIOIIIe
OKHCJIUTEIBLHBIN cTpece (YMeHbIIIach KOHI[EHTPA-
oy KapOOHWJIMPOBAaHHOTO OejlKa W IOBBINIAIACH
AKTUBHOCTb AHTHOKCUTAHTHBIX (DEPMEHTOB — CyIIep-
OKCUIVICMYTa3bl W TJIyTaTUOHIIEPOKCHU/IA3bI), U
KyIIIPOBAJIUCH MPU3HAKY JleT€HEPAI[UN TelaToIH-
ToB [22]. I[ToMuMO 3TOTO B ILIaIe00-KOHTPOJIHUPYE-
MOM PaHOMU3UPOBAHHOM HCCJIEJJOBAHUM, B KOTO-
POM y4YacTBOBaJIX 25 B3POCJBIX JTOOPOBOJIBLIEB C
MIOATBEPKJIEHHBIM  JTUATHO30M  «OJKHUPEHUE»,
coBMmecTHOe BBezieHue S. boulardii u cynepoxcuz-
JIUCMYyTa3bl B TeueHUe 60 JIHel MPUBEJIO K MOTEPe
Beca ¥ CHUIKEHUIO YKUPOBOM MACChI C COXpaHEHHEM
MBIIIIEYHON MAacChl M YMEHbBIIEHUIO CTEIIEHH WHCY-
JIMHOPE3UCTEHTHOCTH [23].

IMPOBNOTUKU «CJIEAYIOIITET'O»
ITOKOJIEHUA

B cBsi3u ¢ pa3BUTHEM B IOCTIEIHUE TOABI MYJIb-
THOMUKCHBIX TEXHOJIOTUH OBLIM BBISIBJIEHBI HOBBIE
IITAMMBI 6aKTepuil, 001aJAI0IMKX TOJIE3HBIMHU JIJIsI
MaKpOOpPraHMU3Ma CBOHCTBAMH, KOTOpbIE HAa3BaIHd
MPOOMOTUKAMH  «CJIEAYIOIIero» IoKoyieHus. Ha
CETOTHSAIIHUH JIeHb TaHHbBIE ITPE/ICTABUTEIN MUKPO-
6uoMa HaxOHASTCS B IEHTPE BHUMAHUS HCCIIEI0BA-
TeJIel, ¥ TOSABJISIETCA Bee OOJIBIIE JOKA3aTEIbCTB X
TepaleBTUUECKOTO IOTEHIUANIa TPU OKUPEHUU U
CBA3AHHBIX C HUM OCJIOKHEHUH [6].

ide dismutase and glutathione peroxidase), and signs
of hepatocyte degeneration were were attenuated
[22]. In addition, in a placebo-controlled random-
ized trial involving 25 adult volunteers with con-
firmed obesity, co-administration of S. boulardii and
superoxide dismutase for 60 days resulted in weight
loss and fat mass decrease with preserved muscle
mass and reduced insulin resistance [23].

NEXT-GENERATION PROBIOTICS

Owing to the development of multi-omics tech-
nologies in recent years, new bacterial strains with
beneficial for a macroorganism properties have been
identified, called “next-generation probiotics”.
Today, these representatives of the microbiome are
the focus of researchers, and there is increasing evi-
dence of their therapeutic potential for the treatment
of obesity and its complications [6].

Akkermansia (A.) muciniphila is one of the
few intestinal microbes whose role in preventing
obesity is positively assessed by the authors of
reviews unanimously [5, 8]. According to Vallianou
et al. (2023) [6], this type of bacteria is the most
studied and promising innovative next-generation
probiotic, since oral administration of the probiotic
containing A. muciniphila for 3 months by over-
weight and obese patients was safe, well tolerated,
besides, there was no rebound syndrome after its
withdrawal. It was found that A. muciniphila per-
forms its functions by mucin degradation: these bac-
teria are able to produce energy substrates (acetate
and propionate) for other bacteria and tissues of the
macroorganism and, through a feedback mecha-
nism, stimulate the synthesis of mucin by intestinal
epithelial cells, which allows for the permanent res-
toration of gut mucin to protect colonocytes [24]. In
addition, these microbes reduce the production of
bacterial lipopolysaccharides and prevent intestinal
inflammation, which also contributes to anorexi-
genic and metabolic effects, including a decrease in
serum glucose levels and an improvement in tissue
insulin sensitivity (Fig. 1) [25].

Enterococcus (E.) spp. It is known that
Enterococcus strains are also used as probiotic
agents [26]. Pathogenetically, an anorexigenic effect
may be due to the production of myristoleic acid
(long-chain unsaturated fatty acid) by E. faecalis,
which activates brown adipose tissue and is involved
in beige fat formation [27], and also has anti-inflam-
matory properties (reduces levels of TNF-a, IL-6,
IL-8), regulates cholesterol absorption, improves
enterocyte integrity [28] and inhibits lipid accumu-
lation [26]. When assessing the diversity of the
anaerobic intestinal microbiota in children and ado-
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Akkermansia (A.) muciniphila - onux us
HEMHOTHX  MHUKPOOOB  JKEJIYAOYHO-KUIIEYHOTO
TpaKTa, poJIb KOTOPOTO B MIPEAOTBPAIIEHUH OXKUPE-
HUS OLIEHUBAETCS aBTOpPaMU 0030PHBIX CTaTel eIu-
HOIJIACHO TMOJIOKuTeNAbHO [5, 8]. Ilo MHeHHIO
N.G. Vallianou et al. (2023) [6], aTOT Buz 6aKTepuit
SIBJISeTCS HanboJiee N3yYEeHHBIM U MTePCIIeKTUBHBIM
WHHOBAIIMOHHBIM IPOOHOTHKOM  «CJIEJTYFOIIIETO»
MTOKOJIEHUsI, TAK KaK MEPOPAJIbHBIN IIPUEM ITPOOUO-
THKa, cojiepkamnero A. muciniphila, B TeueHue
3 MecsAIleB MalnueHTaMu ¢ H30BITOYHOH Maccol Teia
U OKUpeHUneM ObL 6e30IacHbIM, XOPOIIIO IepeHo-
CUJICs, a TaKKe OTMEeUasoch OTCYTCTBHE CHUHAPOMA
PHUKOIIIEeTa [TOCJIE €r0 OTMEHBI. BhIJIO BBISICHEHO, YTO
A. muciniphila ocyiecTBisieT cBoU (PYHKITUU IIyTEM
JlerpaZlaliii MyITUHA: 3TH OaKTepUH CIIOCOOHBI IIPO-
W3BOJIUTh SHEpPreTUuYecKkue cyocTparsl (amerat u
MPOTIMOHAT) JIJIs APYTUX OaKTEPUll U TKaHEH MaKpO-
OpraHu3Ma U [0 MEXaHU3MY 00paTHOH CBI3U CTUMY-
JIIPOBaTh CUHTE3 MYIIMHA SMUTETHATbHBIMU KJIET-
KaMH KHUIIIEYHHKA, YTO I[I03BOJISET IIOCTOSTHHO
OOHOBJIATH CJIOH CJIU3U JIJISI 3alIUTHI KOJIOHOIIUTOB
[24]. KpoMme Toro, 3TH MUKPOOBI CHHIKAIOT MTPOIYK-
U0 OaKTepUAIHHBIX JIUIIOMOJINCAXapPUIOB U Orpa-
HUYHBAIOT AaKTUBHOCTH BOCIIAJIEHUSI, YTO TAKIKE CITO-
coOCTByeT AaHOPEKCUTEHHBIM U MeTab0JIMUYeCKUM
addexTaM, B TOM UnCie CHUKEHUIO YPOBEHS TJIIO-
KO3bI CHIBOPOTKH KPOBH U YJIYUIIIEHUIO UHCYJIHMHO-
JyBCTBUTEJIPHOCTH TKaHel (puc. 1) [25].

Enterococcus (E.) spp. UsBectHo, uro
ITaMMbI Enterococcus Take IpUMEHSIIOTCA B Kade-
cTBe MpOOHOTUUECKUX cpecTB [26]. [laToreHeTHye-
CKU aHOpPEKCUTeHHBIH 3(PdeKT MokeT ObITH 00y-
c0BJIeH BbhIpaboTko E. faecalis MupucToienHOBOM
KUCJIOTHI  (JUIMHHOIIEIIOUEYHAsI  HEeHACHIIeHHAas
JKUpHAsi KHCJIOTa), KOTOpas aKTUBUPYET Oypyro
JKUPOBYIO TKaHb W 00OpasoBaHUe OE€KEBOTO >KHpa
[27], a Tak:ke 00J1a/71a€T IPOTUBOBOCIIATTUTEIBHBIMU
cBoiictBamu (cHmwkenue ypoBHedr ®HO-a, MNJI-6,
WJI-8), perynupyer abcopOLui0 XomecTepruHa, obe-
CIIEYNBAET YJIY4IlleHHE IeJIOCTHOCTA DHTEPOIUTOB
[28] u uurHOUpPYeT HaKOIIeHUE TUTUAOB [26]. [Ipu
OIleHKe pazHoOOpa3usi aHa’pOOHOW KHUIIEUHOH
MHKPOOHOTHI Y JIETEH U IMOJPOCTKOB C DK30T€HHO-
KOHCTUTYI[MOHAJIbHBIM OJKHUPEHUEM TPYIIONH pPoc-
CHUUCKHX aBTOPOB OTMEUYEHBI JIOCTOBEPHO O0JIee HU3-
Koe cozepskanue E. mundtii, 4eM y KOHTDPOJIbHOMN
TpyIIIbI (3I0pOBbIE MAIUEHTHI) [29].

Faecalibacterium (F.) prausnitzii taxixe
CYUTaeTcss MPOOMOTHKOM HOBOTO ITOKOJIEHUs [6].
B psize uccienoBaHUi MPOIEMOHCTPUPOBAHO, UTO
KOJIMYECTBO TPAMITIOJIOKUTEIBPHBIX ~aHAPOOHBIX
OakTepuil F. prausnitzii yMeHbIIIAETCS y MAIUEHTOB
C OKUpPEHNEM U MeTaboJIMUeCKUM CHHAPOMOM [30].

lescents with diet-induced and genetically inherited
obesity, a group of Russian authors noted a signifi-
cantly lower count of E. mundtii than in the control
group (healthy patients) [29].

Faecalibacterium (F.) prausnitzii is also
considered a new-generation probiotic [6]. Several
studies have shown that the abundance of gram-pos-
itive anaerobic bacteria F. prausnitzii is decreased in
patients with obesity and metabolic syndrome [30].
This type of bacteria exerts its anorexigenic effects
due to anti-inflammatory properties, including
butyrate production [31], a positive effect on the
intestinal barrier integrity [32], and decrease in calo-
rie intake with simultaneous activation of lipid and
glucose metabolism in the liver and adipose tissue,
as evidenced by the regulation of gene expression
associated with fat metabolism, including ACCi,
FAS, SREBP1c, as well as leptin and adiponectin
[33]. However, opposite results were also obtained:
children with obesity had higher levels of F. praus-
nitzii compared to the control group [34].

Bacteroides (B.) spp. According to a number
of authors, the most important marker of obesity is
an increase in the ratio of Firmicutes/Bacteroidetes
representatives [8]. In general, studies on the gut
microbiota have shown that obesity is associated
with a decrease in gram-negative bacteria, in partic-
ular Bacteroidetes [35], and an increase in their
number contributed to reduced risk of obesity [36].
These microorganisms are known to have a positive
effect on the human immune system, maintain
micro-ecological balance in the gastrointestinal tract
and accelerate angiogenesis in the intestinal mucosa
[37]. The B. stercoris species is capable of inhibiting
lipid accumulation in preadipocytes, reducing leptin
and triglyceride levels, and restoring glucose sensi-
tivity in cells and tissues [38], which is also charac-
teristic of the B. uniformis species [39], exerting a
number of anti-inflammatory effects (increased con-
centrations of IL-10 and TSLP and IL-33 cytokines
involved in the induction of Treg and activation of
type 2 innate lymphoid cells) [40]. The action of B.
thetaiotaomicron is associated with glutamate fer-
mentation, which is probably due to the involvement
of this amino acid in appetite regulation (glutama-
tergic signaling neurons of the hypothalamus respon-
sible for satiety) [43]. At the same time, the results of
some studies demonstrate negative correlations, for
example, in a systematic review devoted to the rela-
tionship between diet, microbiota and obesity in
children and adolescents [41].

Streptococcus (S.) spp. The data concerning
Streptococcus can be considered ambiguous. In a
study performed in 2022 by Ma et al. [42] in a group
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Bnusinue Ha meTabonuyeckue HapyweHus
Improvement of metabolic disorders 4

| meTabonnyeckuit cusapom / metabolic syndrome
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BnusiHne Ha MyLMH 1 NOBbILLIEHNE
LIeJIOCTHOCTY KULeyHoro Gapbepa
Normalization of mucus thickness /

MpotusoBocnanu-
&enhancement of barrier integrity

TenbHbie 3pdekTbl /
Anti-inflammatory effects

1 derpagauug myumta / mucin degradation —
1 06HOBIEHME CNOS CAIN3I NS 3aLUMTI
KOJIOHOLMTOB
restoration of gut mucin

| meTabonnyeckas anpoTokcemus / metabolic endotoxemia

| nponykuus GakTepuanbHbIX AMMONONMCAXapua0B
production of bacterial lipopolysaccharide

| ypoeHb neiikoumto kposu / WBC count

Bnusinne Ha 3alUTHYIO0 GYHKLMIO KMLIEYHOTO
SNUTENNS U MHNLMALMA NMMYHHBIX PeaKuuii
Improvement of intestinal barrier function /
& trigger host immune responses

1 akenpeccust GENKOB NNOTHbIX COEAUHEHMI
MEXQY NUTENNaNbHLIMK KNeTkamn
expression of tight junction proteins

1 HeraTMBHOe BAMsHIE Ha GyHKLUMOHMpOBaHue TnP
interference with TLR

Puc. 1. Biiusnue Akkermansia muciniphila u mpoiyKToB ee *KU3HE/IEATETBHOCTH HA OJKUPEHNE U CBA3AHHBIE C HIM
paccrpoiictsa (1 — yBenudenue; | — ymenblienue; ACT — acnapratamuHoTpaHcdepasa,;
I'TT - ramma-myramunTpaucdepasa; ToP — Toll-iogo6uble penerntopst (1o [6])
Fig. 1. Effects of Akkermansia muciniphila and its derived products in obesity and related disorders
(1 — increase; | — decrease; WBC — white blood cells; AST — aspartate aminotransferase;
vyGT — gamma-glutamyl transferase; TLR — Toll-like receptors (according to [6])

CBou aHopekcureHHble 3G@EKTH 3TOT BHUA OakTe-
pUil OCYIIECTBJISET 32 CUET MMPOTHBOBOCIIATIUTEIb-
HBIX CBOHCTB, B TOM 4HCJe Oarofaps MpOAyKIUH
Oyruparta [31], MOJOXUTENBHOTO BJHSHHUA Ha
[IeJIOCTHOCTh KHUIIIEYHOTO Oapbepa [32], cHMKeHus
MOTpebJIeHNsT KaJIOPUHM ¢ OJJTHOBPEMEHHOU aKTHBa-
myueri obMeHa JIMIIMJIOB M TJIIOKO3bI B IIEUEHU U
JKUPOBOU TKAHU, O YEM CBUJIETEJIHCTBYET PETYJINPO-
BaHUE HKCIIPECCUU T€HOB, CBA3AHHBIX C METab0IN3-
MowMm kupoB, Bkiouast ACC1, FAS, SREBP1c, ientun
u agunoHekTuH [33]. OmHAKO OBLIN MOJY4YEHBI U
MIPOTHUBOIIOJIOKHBIE PE3YJIbTATHI: Y JIeTEH ¢ OKUpe-
HUEM II0 CPAaBHEHUIO ¢ KOHTPOJIBHOH IPyIIIOi ObL1a
6oJtee BhICOKAs YUCIEHHOCTD F. prausnitzii [34].
Bacteroides (B.) spp. Ilo MHeHHIO psiia aBTO-
POB, BaKHEHUIIIUM MapKEpPOM OKHPEHUs SBJISETCS
YBeJIMYEHNE COOTHOIIEHUs TpeJIcTaBUTeNed Guty-
moB Firmicutes/Bacteroidetes [8]. B 11estom uceaeno-
BaHUs MUKPOOUOTHI KUIIIEYHHUKA TTOKA3AJIH, UTO O3KH-
PEeHHe CBA3aHO C YMEHbBIIIEHUEM KOJHWUYECTBA TrpaM-

of adults, it was shown that Streptococcus abundance
was significantly reduced in obese patients. In addi-
tion, it was emphasized that the species S. salivarius
subsp. thermophiles may in the future become an
effective probiotic for the prevention of obesity and
related disorders. In a study on the effect of diet on
childhood obesity (among children aged 6—12 years),
it was shown that after dietary correction, Streptococ-
cus abundance increased [43]. However, when ana-
lyzing the fecal microbiota in children and adolescents
[44], as well as adults [45], a positive correlation of
Streptococcus with obesity was found. In a domestic
study on the state of the gut microbiota in adolescents
aged 12—-15 years with overweight and obesity, an
excessive growth of microbes of this group was
revealed [46]. Streptococcus, as representatives of the
Firmicutes phylum, causes body fat accumulation,
increasing the energy intake from food [47].
Eubacterium (E.) rectale produce short-
chain fatty acids (acetate, propionate, butyrate) [48],
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OTpHUIIATEIbHBIX OaKTEPHI, BUacTHOCTH Bacteroidetes
[35], a yBemnueHre MX KOJTMYECTBA CITOCOOCTBOBAJIO
CHIDKEHHUIO pPHCKA pasBUTHA OXuUpeHUs [36].
W3BeCTHO, YTO 3TH MUKPOOPTAHU3 MBI IIOJIOKUTETHHO
BJIUSIOT HA UMMYHHYIO CHCTEMYy YeJIOBEKa, COXpa-
HAIOT MHUKDPOSKOJIOTUYECKUN OajaHC B OpraHax
JKEJTYJTOYHO-KUIIIEYHOTO TPAKTA U YCKOPSIOT aHTHO-
reHe3 B CIM3UCTON 000JI0uKe KullleuHuka [37]. Bung
B. stercoris criocobeH WHTHOUPOBATh HAKOIUIEHUE
JIMTIA/IOB B IIPEQ/IUIIONUTAX, CHIKATh YPOBEHb JIETI-
TUHA U TPUIJIMIIEPUJIOB, a TAaK:Ke BOCCTAHABJIUBATDH
YyBCTBHUTEJIPHOCTH K IVIFOKO3€ KJIETOK U TKaHel [38],
YTO CBOMCTBEHHO TaK:Ke I Buja B. uniformis [39],
HUMEIOIIETO PsAJT IPOTHBOBOCIIAIUTEHHBIX 3(PhEKTOB
(yBenmuuenue koHneHTparuu MJI-10 ¥ ITUTOKUHOB
TSLP u MNJI-33, yyacTByOIIUX B MHAYKIUU Treg u
aKTUBAITUU BPOXKIEHHBIX JTUMMOUTHBIX KJIETOK 2-TO
tuna) [40]. JeiicrBue B. thetaiotaomicron CBS3bI-
BalOT ¢ (epMEHTHPOBAaHUEM IJIyTamaTa, KOTOPOE,
BEPOSITHO, 00YC/IOBJIEHO BOBJIEUEHUEM STOU aMHHO-
KHUCJIOTHI B PETYJIALMIO amIeTuTa (TIyTamaTepruue-
CKHUX CUTHAJIbHBIX HEUPOHOB THIIOTAJIAMYCa, OTBEYa-
FOIIMX 32 YYBCTBO HAChIIeHUs) [43]. B To ke Bpemst
Pe3yJIbTaThl HEKOTOPBIX HCCIIEOBAHUH JIEMOHCTPH-
PYIOT OTpHUIIATEJIbHbIE KOPPEJIAIUOHHBIE CBS3U —
HalpuMep, B CUCTEMATHUYECKOM 0030pe, IOCBSAIIEH-
HOM CBSI3U IUETHI, MUKPOOUOTHI ¥ OXKUPEHUSA Y IeTEH
U TIOJIPOCTKOB [41].

Streptococcus (S.) spp. HeogHozHauHBIMU
MOXKHO CUMTaTh JaHHbIE, Kacawluecsa Strepto-
coccus. B ucciieloBaHuy, MPOBEJIEHHOM B 2022 T.
M. Ma et al. [42] B rpymme B3pOCJIbIX JIIO/EM, OBLIO
II0OKA3aHO, YTO YHCJIEHHOCTh MHKPOOPTAaHU3MOB
pona Streptococcus Oblla 3HAUYUTETLHO CHUKEHA Y
MalMeHTOB C OXKupeHHeM. Kpome Toro, caemnaH
aKIeHT Ha ToM, 4To BujA S. salivarius subsp.
thermophiles mMoxeT B mepciieKTHBe cTaTh 3ddek-
TUBHBIM ITPOOGHUOTHKOM /151 TPOGUIAKTUKHU OKHIPe-
HUS U CBSI3AaHHBIX C HUM PacCTpOicTB. B pabore,
HU3yJaloleld BIUSHUE JUETHl Ha JETCKOE OKUPEHHE
(cpenu neteli B Bo3pacre 6—12 JieT), IOKa3aHO, UTO
II0CJIe KOPPEKIINHU TUTAHUS YBEJIUIUBAIOCH COZIEP-
skanue Streptococcus [43]. OmHako mpu aHaIu3e
(dexanbHONT MUKPOOWOTHI Yy JeTeil U IMOAPOCTKOB
[44], a TakKe B3pOCIIBIX [45] ObLIa BRISBJIEHA ITOJIO-
JKUTeJbHAsA Koppensdnusa Streptococcus ¢ oxupe-
HHeM. B 0TeuecTBEHHOM HCCIIEZIOBAHUU COCTOSTHUS
KHUIIIETHON MUKPOOUOTHI y TIOJIPOCTKOB 12—15 JIET C
U30BITOYHON MacCOU TeJIa ¥ OKUPEHUEM ObLT BBIAB-
JieH U30BITOYHBIN POCT MUKPOOOB JAHHOH TPYIIIIBI
[46]. Streptococcus, xak mpencTaBUTENN (PHIyMAa
Firmicutes, BbI3BIBAIOT HAKOIUIEHHE JKHUpa B Opra-
HHU3Me, YBeJHUYHBas IOJydeHWe DHEPIHuU U3
mumu [47].

which mediate the activation of G-protein-coupled
receptors, causing a decrease in fat accumulation in
adipose tissue and enhancing lipid metabolism, and
also ensure the gut epithelium integrity by reducing
bacterial translocation and inhibiting the action of
pro-inflammatory interleukins [49]. Based on the
pathogenetic aspects presented, it can be concluded
that bacteria of this species should have potentially
anorexigenic properties, but this is refuted by the
results of research. Thus, in a 2021 Brazilian study
[50], which included 109 people, it was noted that
E. rectale were more abundant in groups of obese
and overweight people. Similar results were demon-
strated in a 2022 Mexican study [35]. In turn, accord-
ing to data from the French weight loss program
through dietary intervention [51] and after bariatric
surgery [52], the abundance of E. rectale decreased
as expected.

Blautia (B.) spp. A systematic review that
pooled data from 170 studies published between Jan-
uary 2013 and March 2024 on the association of Blau-
tia with obesity highlighted the inconsistency of the
data obtained. However, in general, Blautia is
described as a bacterium with anorexigenic proper-
ties, since in more than 60% of the studies reviewed,
the abundance of bacteria of this genus in the fecal
microbiota were negatively correlated with obesity
[53]. Pathogenetically, this is explained by the ability
of Blautia to produce short-chain fatty acids, main-
tain gut barrier integrity, reduce the inflammatory
response activity and influence the composition of
commensals [54]. In addition, several animal studies
have shown probiotic activity for species B. hansenil,
B. wexlerae, B. coccoides, B. producta and B. luti[53].

Christensenella (C.) minuta. Christensenella
spp. are Gram-negative anaerobic bacteria that are
highly prevalent in the intestines of individuals with
normal BMI and are associated with decreased
serum levels of low-density lipoproteins, triglycer-
ides, and ALT [6, 55]. The C. minuta DSM33407
strain has been proposed as a next-generation probi-
otic based on its ability to reduce the obesogenic
effects of diet demonstrated in a study in mice by
Mazier et al. Supplementation with C. minuta
DSM33407 reduced serum glucose and leptin levels,
influenced hepatic lipid metabolism by inhibiting de
novo lipogenesis, and contributed to the mainte-
nance of the intestinal epithelium integrity, as well as
caused a decrease in the Furmicutes/Bacteroidetes
ratio [56].

CONCLUSION

Since obesity is a serious public health problem
worldwide, there is an urgent need to find rational
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Eubacterium (E.) rectale upoaynupyoT
KOPOTKOIIETIOUEUHbIe JKUPHbIE KUCIOTHI (arerar,
npornuoHat, Oyrupat) [48], KoTOpbBIe SBISIOTCS
MMOCPeTHUKAMHU B aKTHUBAIMH PEIENTOpPOB, CBS3aH-
HBIX ¢ G-6eyikoM, OOyCIOBIMBasi CHUKEHHE HAKO-
IUTEHUS KUPa B JKUPOBOU TKAHHU U yCKOPsIs MeTabo-
JIU3M JIMIUIOB, a Tak:Ke O0OecIeurBarOT IeJIOCT-
HOCTb BIIUTEIUs JKEIYA0YHO-KUAIIEYHOTO TPaKTa 3a
CUeT YMEeHbIIIeHUS TPAHCIOKAIINY OAKTEPUH U yTHE-
TEeHUsI JIEUCTBUS MPOBOCIATUTETbHBIX WHTEPJIEHKHU-
HOB [49]. Ontupasich Ha peJCTaBIeHHbIE TTATOTeHe-
TUYECKUE ACIEKThI, MOKHO C/eJaTh BBIBOJ O TOM,
yTo OaKTEpUM JIAHHOTO BH/A JOJLKHBI 00Ja7aTh
MMOTEHI[HAJIBHO aHOPEKCUTEHHBIMU CBOMCTBAMH,
O/THAKO 3TO OIIPOBEPTaeTcs Pe3yJsIbTaTaMH IpPOBe-
JIEHHBIX HayYHBIX paboT. Tak, B 6pa3uIbCKOM HCCIe-
JIOBAaHUU 2021 T. [50], B KOTOpOe OBbLIIO BKJIOYEHO
109 yes., OTMeuaysochk, uto E. rectale 6puin Gostee
MHOTOYHCJIEHHBI B TPYIIIAX JIIOJEN ¢ 0’KUPEHUEM U C
u30BITOYHBIM BecoM. CXO/IHBIE PE3YJIbTAThI OTMEYa-
JIUCh B MEKCHKAHCKOM HCCJIEIOBAHUS 2022 T. [35].
B cBow ouepesip, IO JIAaHHBIM (PAHITY3CKON ITIPO-
rpaMMBbl 110 CHIKEHHIO Beca IIyTeM JUETHYECKOH
KOPpEeKIuH [51] U 1ociie npoBeieHns GapruaTpuyde-
CKUX olleparuii [52] 3aKOHOMEPHO YMEHBIIAJICS
KOJINYECTBEHHBIN cocTaB E. rectale.

Blautia (B.) spp. B cucremarnyeckom 0630pe,
KOTOPBI OOBEAUHW JJaHHBbIE 170 HCCIEIOBAHUM,
OIyOJIMKOBAaHHBIX B IEPHOJ C sAHBapsl 2013 T. IO
MapT 2024 T., TOCBSAIIEHHBIX H3YYEHUIO CBI3HU
Blautia c oxxupeHueM, aKIeHTUPYETCS BHUMAaHIE Ha
MIPOTHBOPEYHUBOCTH IIOJIyUEHHBIX JaHHBIX. OJHAKO B
nesioM Blautia oniuckiBaeTcst Kak bakrepusi, 061aza-
ollas aHOPEKCUTEHHBIMU CBOWCTBAMH, TaK KakK
OoJsiee yeM B 60 % paccMaTpUBAEMBIX UCCIIETOBAHUH
KOJINUECTBEHHbIE TOKa3aTesl OaKTepuil JaHHOTO
pozna B dekaapHON MUKPOOUOTE OTPULIATENTHBHO KOP-
penupoBainu ¢ oxxkupenueM [53]. [TaroreneTnuecku
3TO 00BsACHsSETCS criocobHOCThIO Blautia mpousBo-
JIUTh KOPOTKOIIEIIOUEUYHbIE JKHUPHBIE KHUCJIOTHI,
COXPaHATh II€JIOCTHOCTh KHIIEYHOro Oapbepa,
YMEHBIIATh AKTUBHOCTh BOCIIAJIUTEILHON peaKIuu
U BJIUATH HA COCTaB CUMOMOTHYECKHX MHUKPOOpra-
HU3MOB [54]. KpoMe TOro, HECKOJIPKO HCCJIEI0Ba-
HUH, POBEZIEHHBIX Ha JIJAOOPATOPHBIX KUBOTHBIX,
MOKa3aJIi MPOOUOTHYECKYI0 aKTUBHOCTh Ha YPOBHE
Buza mya B. hansenii, B. wexlerae, B. coccoides,
B. producta u B. luti [53].

Christensenella (C.) minuta. Christensenella
Spp. — TpaMOTpHIIaTeIbHbIE aHA3POOHbIE OAKTEepUH,
3HAYUTEJIBHO PACHPOCTPAaHEHHbIE B KUIIEYHUKE Y
aur ¢ HopMmanbHbIM UMT u acconimupoBaHHBIE CO
CHIKEHHMEM YPOBHS JIMIIONPOTENHOB HU3KOH IJIOT-
HocTH, TpuruiepuioB U AJIT B cBIBOPOTKE KPOBHU

and effective agents for prevention and treatment of
obesity and related disorders. Studying the role of
intestinal microbiota in the development of obesity
and using probiotic strains with anorexigenic prop-
erties in risk groups and patients with this diagnosis
is a promising direction for expanding the possibili-
ties of this disease prevention and treatment.
Anorexigenic properties have been demonstrated by
both classical probiotics, which include Lactobacil-
lus, Bifidobacterium, Saccharomyces boulardii, and
newer representatives of the human microbiome —
Akkermansia muciniphila, Faecalibacterium praus-
nitzii, Enterococcus, Bacteroides, etc. They perform
their action by reducing permeability and enhancing
protective properties of the intestinal epithelium,
influencing the gut microbiome and increasing anti-
inflammatory activity.

It should be emphasized that there is a need to
initiate long-term and large-scale clinical studies to
provide more precise recommendations in terms of
the use of strains, doses and duration of administra-
tion of various microbial preparations. Besides, stud-
ies should be conducted in homogenous populations
in terms of the sex and age of volunteers. For an opti-
mal and high-quality assessment of the effect of pro-
biotic strains, it is essential that the studies are con-
ducted without other weight loss-related interven-
tions (dietary recommendations and physical activity
programs), which will allow assessing the specific
effectiveness of preparations.

Conflict of interest. The authors declare no
conflict of interest.

[6, 55]. HITamm C. minuta DSM33407 GbLT TIpezJio-
JKeH B KauecTBe MPOOMOTHKA «CJIEAYIOIIEro» MOKO-
JIEHUSI Ha OCHOBAHWH €ro CIIOCOOHOCTH CHMKATb
obecorenHble 3(PGHEKTHI HUETHI, MTPOJEMOHCTHPO-
BaHHOU B uccienoBannu W. Mazier et al. (2021) Ha
sabopaTopHbIX MbImiax. JlobaBjeHre B IHIIY
C. minuta DSM33407 TI03BOJISIJIO CHU3UTH YPOBHU
TJIIOKO3bl U JIENTHHA B CHIBOPOTKE KPOBH, OKa3bI-
BaJIO BJIWSHUE HA OOMEH JIMIIHU/IOB B IIEYEHU 3a CUET
MHTHOHUPOBAHUS JINTIOTeHe3a de Novo U CIIocOOCTBO-
BaJIO MOJJIEPKAHUIO IEJIOCTHOCTH SITUTEITHS KUY~
HHUKA, a TaKKe BHI3bIBAJIO CHHUKEHHE COOTHOIIEHUS
Furmicutes/Bacteroidetes [56].

SAK/IIOYUEHUWE

B cBasu ¢ TE€M, YTO OXUPEHHE NIPEACTABJIAET
co00¥ cephe3HyI0 MPoOJIeMy s 0OIIEeCTBEHHOTO
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3PaBOOXpPAaHEHUsT BO BCEM MHpPE, CYIIECTBYET
ocTpast HeOOXOTUMOCTD B IIOUCKE PAIlHOHAJIBHBIX U
3(pdexTUBHBIX TPOPUIAKTHUECKUX U TepaleBTH-
YeCKUX CPeZCTB it OOPHOBI ¢ TAHHBIM 3a00JIeBa-
HUEM U CBSA3aHHBIMU C HUM paccTpoiicTBamu. 113y-
YyeHHe POJIU KUIIEYHOU MUKPOOHOTHI B PAa3BUTHU
O’KUPEHUS U UCIO0JIb30BaHUE B TPYNIAX PUCKA U Y
MaNUeHTOB C JAHHBIM IMaTHO30M aHOPEKCUTEHHBIX
MPOOUOTUYECKUX IIITAMMOB SIBJISIETCS ITEPCIIEKTUB-
HBIM HAIIPaBJIEHUEM JIJIs1 PACIIUPEHUS BO3MOXKHO-
cTeld TPODUIIAKTHKY U JIeYeHUs JJAHHOTO 3a0oJie-
BaHUs. AHOPEKCUTEHHBIE CBOMCTBA TPOIEMOHCTPH-
pOBaJIM KaK KJIACCHYECKHe ITPOOUOTHUKU, K KOTO-
ppim oTHOcsTcs: Lactobacillus, Bifidobacterium,
Saccharomyces boulardii, Tak u 6oJjiee HOBBIE
MIpeZICTAaBUTEIN MHUKpoOmoma desioBeka — Akker-
mansia muciniphila, Faecalibacterium prausnitzii,
Enterococcus, Bacteroides u ap. OHU ocCyIIecT-
BJISIIOT CBO€ ZIEICTBUE 32 CUET CHIKEHUS ITPOHUIIA-
€MOCTU U YCUJIEHUS 3aIIUTHBIX CBOWUCTB SIIUTEJIH
KUIIEYHWKA, BJUAHUSI HA  MHKPOOHMOIEHO3
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Oco6o0 ciiefyeT OTMETUTD, UTO CyIIECTBYEeT HEOO-
XOJIMMOCTD B UHUITHAIIUH ITPOIOJI?KUTETbHBIX H Mac-
INTAaOHBIX KJIMHAYECKUX UCCIIe0BAHMUM, UTOOBI J1aTh
6oJiee TOUHBbIE PEKOMEH/IAINY C TOYKHU 3PEHUS IPU-
MEHEHHUS IITaAMMOB, [03 U [JINTEIbHOCTU BO3JEH-
CTBUS Pa3IMYHBIX MUKPOOHBIX ITpermapaToB. Takke
3aMeTUM, YTO CJIeIyeT IMPOBOIUTEH MCCIIEZIOBAHUS B
OTHOPOJTHBIX TOMYJIAIUSIX C TOUKHM 3PEHUS I0J1a U
BO3pacra JIoOpOoBOJIbIIEB. JIJI ONTHMAIBHON U Kaue-
CTBEHHOH OIIEHKH [IeHICTBUS IIPOOHMOTHUECKUX
IITAMMOB HEOOXO/IMMO, UTOOBI MCCIETOBAHUS TIPO-
BOJIWJINICh 0€3 MPUMEHEHHUS JAPYTHX HHTEPBEHIUH,
CBSI3aHHBIX C MOXyAEHUEM (IHETHUYEeCKUuEe PEKOMeEH-
JIAllid U TPOTPaMMbl (PUBUUECKOH aKTUBHOCTH),
4TO ITO3BOJIUT OILEHUTH crieruduyeckyro 3¢ppeKTuB-
HOCTb IIPENapaToB.

KoHQIMKT HHTEPECOB. ABTOPHI 3aABJISAIOT 00
OTCYTCTBUHU KOH(JINKTA HHTEPECOB.
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IIpUYUHBI BO3PACTHON AJIOIEIUHU C TOUYKU 3PEHUS COBPEMEHHOU
MOP(@OJI0TUH

A.A. banannun, B.B. Tuynosa, I.A. bananguna

@I'BOY BO «Ilepmckuil 2ocydapcmeeHHblil MeduyuHcKull yHusepcumem um. akademuxa E.A. Baenepa» Munsdpasa
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AHHOTAIIUA

CrapeHue — IPOIIECC, 3aI0KEHHBIN CaMOU ITPUPOJIOH, CIOKHBIA 1 MHOTOKOMIIOHEHTHBIH, 3aKJIFOUAIOIIHICS B IIOCTEIIEH-
HOM pa3BUTHM OHOJIOTMYECKUX HAPYIIEHUIH, KOTOPble CUCTEMHO OCIAGJIAIOT CIOCOGHOCTh OPraHW3Ma IPOTHBOCTOATH
CTpPeccoBBIM (aKTOpaM H CIOCOOCTBYIOT PA3BUTHIO XPOHUYECKUX 3a0osieBaHui. OfHAKO 6Giarofiaps MOCTYIATEIbHOMY
Pa3BUTHIO METUITUHCKUX TEXHOJIOTUH YeJIOBEK HE IIPOCTO MOXKET MO3BOJIUTE cebe MUHUMHU3UPOBATH YIIePO OT 3TOTO MPO-
1ecca, HO U BBITVISIZIETh IIPUBJIEKATEIBHBIM U 37I0DOBBIM JIaXKe B MIOYTEHHOM BO3pacTe. B COBpEMEHHBIX PEIHIX — 3TO
GoJiee yeM IOCTHKUMAs 11eib. B 1aHHOM 0630pe OCBEIleHbl, Ha HAII B3IJIAZ, OCHOBHbIE MOpdosoruyeckre $HaKkTopsl,
MPUBO/ISIIINE K YXYZIIEHUIO KAUeCTBa IPUUYECKU BCJIE/ICTBYE BO3PACTHOM aJIONEeNNK — HHBOJIIOTUBHbIE U3MEHEHUs COCY-
JIUCTOTO pycsia ¥ TUMGATHUECKOH CHCTEMBI KOXKH C M3MEHEHNEM ee MEKKJIETOYHOTO BEIIeCTBA, UCTOIIEHNE HUII CTBOJIO-
BBIX KJIETOK BOJIOCSIHBIX (DOJTUKYJIOB, a TaK)KEe PACCMaTPUBAETCs MUTOXOHIpHATIbHAS TEOPHSA CTapeHust. JlanbHellee
JleTJIbHOe M3y4deHue 3TUX (HAKTOPOB HEOOXOAUMO ISl TIOHUMAHUS TOHKHX KJIETOUHBIX MEXaHU3MOB CTApEHUs, UTO
IIO3BOJIUT UX 3aM€JJTUTh, & IT0 BO3MOKHOCTH U IIOJIHOCTHIO HUBEJIUPOBATh. JlTaHHAS CTPATETHs BBIUTPHILIHA B [IEPCIIEKTHBE
U MOJKET CYL[ECTBEHHO [IPO/IBUHYTH TaKKe chepbl MEAUIIUHBI, KAK TPUXOJIOTHSI, KOCMETOJIOTHS, TePUATPHS, & TAKIKE OKa-
3aTh BJIUSHYE HA TAKTUYECKHUE [OZX0/1bI (hapMaKOJIOTHUECKUX KOMIIAHUH, 3aHUMAIONIUXCsI PAa3PabOTKON JIEKaPCTBEHHBIX
CPE/ICTB, HAIIPABJIEHHBIX Ha MPOMIUIAKTUKY BO3PACTHOH aJI0OIEeNUU. BBITh MOXKET, CIIyCTs BpeMs UMeTh JIJTHHHBIE, MTbIIII-
HbI€, a IJIaBHOE, CBOU BOJIOCHI B CTAPYECKOM Bo3pacTe OyzieT camo coboii pasyMeloIneiics 3a1auei.

Kaouesvle cro8a: BOJIOC, CTapeHNe, aJIONeI A, MOPQOIOTHs.

OOpasen nmuTupoBaHuA: bananaua A.A., TuyHoBa B.B., Bamanguaa M.A. TIpUuYuHbI BO3PAaCTHOU ajiole-
WY C TOYKHU 3PEHMS COBpeMeHHON Mopdosiorun // Journal of Siberian Medical Sciences. 2025;9(2):112-125. DOI:
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The causes of age-related alopecia from the point of view
of modern morphology

A.A. Balandin, V.V. Tiunova, I.A. Balandina

Perm State Medical University named after Academician E.A. Wagner, Perm, Russia

ABSTRACT

Aging is an inherent natural process, complex and multicomponent, consisting of the gradual accumulation of biological
changes that at the systemic level weaken the body’s ability to resist stress factors, and contribute to the development of
chronic diseases. However, thanks to the progressive development of medical technologies, humanity can not only afford
to minimize the damage from this process, but also look attractive and healthy even at an advanced age. In the realities of
modern life, this is a more than achievable goal. This review highlights, in our opinion, the main morphological factors
leading to deterioration in the quality of hair due to age-related alopecia — involutional changes in the vascular bed and the
skin lymphatic system with a change in its intercellular substance, depletion of the of stem cell niches of hair follicles, and
also the mitochondrial theory of aging is considered. Further detailed study of these factors is necessary to understand the
subtle cellular mechanisms of aging, which will slow them down, and, if possible, completely neutralize them. This strategy
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is profitable over the long term and can significantly advance such areas of medicine as trichology, cosmetology, geriatrics,
and also influence the tactical approaches of pharmaceutical companies engaged in the development of drugs for prevent-
ing age-related alopecia. Perhaps, after a while, having long, lush, and most importantly, your own hair in old age will be a

matter of course.
Keywords: hair, aging, alopecia, morphology
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BBEJAEHUNE

3HAUNMOE YBEJIMYEHHE IIPOAOJIKUTEIbHOCTH
SKU3HU JIIOZIeH 3a IOCJIeTHIE JIeCATUIETUSA ABIAETCS
HEBEPOSITHBIM JIOCTHKEHUEM YeJIOBEUEeCKOU ITUBU-
Ju3anuu. ITOT MPOTPece IOCTUTHYT Ojaromaps
CHUCTEMHOMY IIOJIXO/Ty CO CTOPOHBI MeIUIINHBI: CHU-
JKEHHUIO CMEPTHOCTHU 3a cYeT pa3paboTku Bce Gosiee
HOBBIX U COBEPIIEHHBIX AJITOPUTMOB JIEUEHHS TEX
WM UHBIX 3a00JIEBaHUN, TEXHOJIOTHUECKOMY IIPO-
rpeccy, papMaKoJIOTHUYeCKUM pa3paboTKaMm, a TaKkKe
VJIyYIIEHUIO COITUAJIBHO-OBITOBBIX YCJIOBHUU [1—4].
ITo maHHBIM COBpPEMEHHOH HayYyHON JIUTepaTyphl
CpeJii CTPAH MHPA caMasi BBICOKAsI 0KUaeMast IIPo-
JIOJKUTENIBHOCTh JKU3HU — Y SIOHCKUX JKEHIIVH:
6ostee 87 set. A B 40-x rojiax XIX B. peKop A IpUHA-
JIeKaT IIBEJKAM, CPelHAs NPOAOJIKUTEIbHOCTD
JKU3HU KOTOPBIX COCTAaBJISITIA BCETO-TO 46 Jiet [2].

Onnako VBEJIMIUTD MIPO/IOIKUTETTBHOCTD
JKU3HU — JJI TBITJIMBOTO YeJIOBEYECTBA CITUIITKOM
cnabas 3agaua. CoxpaHeHUe 3/T0POBbs U KPAaCOTHI HA
JIOJKHOM YPOBHE — aKTyasIbHas I1eJIb COBPEMEHHOM
MemuUUHBL. HeciyyaiiHO, ¢ OZHOH CTOPOHBI, B
IIocJIefHee BpeMsI ITOSBUIIOCHh OTPOMHOE KOJIITIECTBO
(yHIaMEeHTaNbHBIX U KJIMHUYECKUX HAYIHBIX HCCIIe-
JTOBAaHUMH, MOCBSAIIEHHBIX N3YUEHUIO ITPOIECCOB CTa-
PEeHUS U CO3/IaHMIO IEHCTBEHHBIX ITOJIXO/I0B K OKa3a-
HUIO MEJUIMHCKOHN MOMOIIY IMalyeHTaM I'epOHTO-
Jorugeckoro npodunsa [5-7]; ¢ APyroil CTOPOHBI,
HauynHAaA yKe C JPEBHUX BPEMEH, MTOUCK MEXaHU3-
MOB, COXPAHAMIIINX MOJIOJIOCTh BHEIIHEro BHUA
Teja W, KaK CJIEJCTBHE, XOpOIIee CaMOYYBCTBUE,
CUHMTAJICA UyTh JIU HE IIEPBOCTENIEHHOH 3a1auei. 1o
STOH NpUYNHE, HAYNHAA CO CPETHUX BEKOB, IIOCTO-
STHHO I11€JI TOVCK Pa3INYHBIX JIEKAPCTBEHHBIX pacTe-
HUI, MUHEPAJIOB U JIPYTHX IPUPOAHBIX CPEZCTB C
LIeJIBI0 UCIIOJIb30BAHUA UX B (papMaKoJIOTHUecKuX
nessax Jys Bce 6osiee 3PGEKTUBHOTO YIIyUIEHUS
BHEIIIHETO BUJA JINIA U TeJIa, a TAaKKe COBEpIIEeH-
CTBOBAJINCH yKe UMEIOIIHeCs B apceHasie METOAUKHI
[8]. B Poccuu pasBuTHE KOCMETOJIOTHU ITPOXOIUIIO
[IO3TAITHO, MEPUOABI MIPOIBETAHUSA M YIAJKa 3TOH

INTRODUCTION

The significant increase in human life expec-
tancy over the past decades is an incredible achieve-
ment of human civilization. This progress was
achieved thanks to a systematic approach on the
part of medicine: a decrease in mortality due to the
development of progressively new and advanced
algorithms for treating certain diseases, technologi-
cal progress, pharmacological developments, and
the improvement of social and living conditions
[1—4]. According to modern scientific literature,
among the countries of the world, the highest life
expectancy is among Japanese women: more than
87 years. And in the 1840s, the record belonged to
Swedish women, whose average life expectancy was
only 46 years [2].

However, increasing life expectancy is too easy a
task for enquiring mind of humanity. Maintaining
health and beauty at the proper level is a relevant
goal of modern medicine. It is no coincidence that,
on the one hand, a huge number of fundamental and
clinical trials devoted to the study of aging processes
and the development of effective approaches to pro-
viding medical care to geriatric patients have recently
appeared [5—7]; on the other hand, since ancient
times, the search for mechanisms that preserve the
youthfull appearance of the body and, as a result,
good health was considered almost a priority task.
For this reason, since the Middle Ages, there was a
constant search for various medicinal plants, miner-
als and other natural remedies for using them as
medicines for an increasingly effective improvement
of the appearance of the face and body, besides, the
already available methods were refined [8]. In Rus-
sia, the development of cosmetology was gradual,
periods of prosperity and decline alternated, which
was mainly due to economic and political events in
the country. Moreover, according to historical data,
since the 19" century, when representatives of the
female half of the aristocracy began to attend actively
various noble events, outshining competitors with a

Journal homepage: http://jsms.ngmu.ru

113



baaranoun A.A. udp. / Journal of Siberian Medical Sciences T. 9, N? 2 (2025)

CIENNAJIBHOCTH YEPEIOBAIUCh, YTO OBLIO 00YCIOB-
JIEHO B OCHOBHOM JKOHOMUYECKHMHU U IOJIUTHYE-
CKUMU COOBITHSMH B cTpaHe. IIpu sToMm, corsiacHO
HUCTOPUYECKUM CBeIeHUAM, ¢ Havaia XIX B., Korza
IIPEICTABUTEJIH KEHCKOH ITOJIOBIUHBI aPUCTOKPATHH
CTJIM AaKTUBHO IIOCEIaTh pa3jUYHbIE CBETCKHE
MEpOIPHUATHS, 3aTMUTh KOHKYPEHTOK KpacOTOH
(urypsl 1 MOJIOZIOCTHIO JIUIIA CTAJIO JJ1A JIaM JIeJIOM
npuHnumna [9, 10].

MenumuHcKas TPUXOJIOTUA — OJHO U3 HAIPaB-
JIECHUH J1epMaTOJIOTUU Y KOCMETOJIOTHH, Ha CEeroji-
HANTHUN JIeHb KpallHe MepCHeKTHBHOE, 3aHUMAlo-
meecsi U3ydyeHWeM MeAUIUHCKUX MPOOJIeM KOXKHU
TOJIOBBI M BOJIOC. 33Jlauell TPUXOJIOTOB SIBJISETCS
CO37IaHME HOBBIX KJIWHUYECKUX TOAXOJIOB ISt
COXpaHeHHs 00beMa U KauecTBa BOJIOC, KaK IIPU pas-
JINYHBIX 3200JIeBAHUAX, TaK U Y 37J0POBBIX JIIO/IEl, a
TaKKe COBEPIIIEHCTBOBAHKE MPOMIIIAKTUKYU ajIoIe-
muu [11, 12].

[Tpuuecka sBJIAETCA CPEACTBOM COIUOKYJIBTYP-
HOU KoMMyHHKAIUU. COOCTBEHHBIN CTUJIb YKJIAJTKH
BOJIOC TIO3UITMOHUPYETCS B COBPEMEHHOM O0IIIECTBE
KaK WHAUBUyaJIM3UPOBAaHHBIN apTedakt, OJaro-
Zapst KoTopomy obecrieumBaercsi 0OMeH wHbOpMa-
ouedl MeXAy pPa3JINIHBIMU COLHMAJIBHBIMU TPYI-
mamu [13].

Bormpoc, BOJHYIOIMMI MIJUTHOHBI JTIO/IEH BO BCEM
Mupe — Kaxk cOXpaHHTb MOJIOZIOCTH U 37I0POBBE,
IUTUHY U 00beM COOCTBEHHOH IMPUYECKU HA IPOTSI-
J)KeHUU Bced Ku3HU? YUTOOBI MOJIYIUTH HA HETO
OTBET, I HaUaJIa HY)KHO OIPENEIUThCs ¢ (paKTo-
paMu, OPHUBOAAIIMMU K OCKYAEHHUIO BOJIOCSHOTO
IIOKpOBa Ha TOJIOBE K IOXKWJIOMY U CTapUYECKOMY
BO3PACTY.

ITo aTO¥ MPpUYMHE B JTAHHOM 0030pe JIUTEPATYPhI
OyZyT pacCMOTPEHBI COBPEMEHHBIE IIPEJCTABIEHUS
VUEeHBIX-MOP(}OJIOTOB O BO3PACTHOM AJIONEIUUA U
¢axTopax, KOTOPhIE €€ BHI3BIBAIOT.

IOEJIb NCCJIEJOBAHUA

O6001UTh HAYYHBIE CBEJIEHUS O IPUYNHAX BO3-
PaCTHOU AJIOMIENIUU C TOYKH 3PEHHs COBPEMEHHOU
Mopdostoruu.

HEKOTOPBIE ACITEKTDBI IIOHATHNA 3/10-
POBOI'O BOJIOCA 11 ET'O CTPOEHUA

YTo ke 3TO Takoe — 3/0pOBBIE BOJIOCHI? Takum
BOIIPOCOM 33JIaJICSI aBCTPATUUCKUH yueHbId Rodney
D. Sinclair (2007) B cBoem ucciaegoBanuu. Ilo ero
MHEHUIO, YTOOBI BOJIOCHI COOTBETCTBOBAJIU KPHUTeE-
PpHIO «37I0POBBIE», OHU JIOJKHBI, BO-IIEPBBIX, UMETh
JIOJLKHBIM 00beM (MeXaHWYEeCKyI0 MPOYHOCTH), a
BO-BTODBIX, OIIpeZie/IeHHbIN Osieck. ToJibKO TpHU

nice figure and youthfulness of the face, became a
matter of principle for them [9, 10].

Medical trichology is one of the areas of derma-
tology and cosmetology today, incredibly promis-
ing, studying medical problems of the scalp and
hair. The task of trichologists is to develop new clin-
ical approaches to maintaining the volume and
quality of hair, both in various diseases and in
healthy people, as well as improving the prevention
of alopecia [11, 12].

Hairstyle is a mean of socio-cultural communica-
tion. One’s own hairstyle is positioned in modern
society as an individualized artifact, which ensures
the exchange of information between different social
groups [13].

The question that worries millions of people all
over the world is: how to maintain youth and health,
length and volume of your own hair throughout your
life? In order to answer that question, you first need
to determine the factors that lead depletion of hair
on the head in elderly and senile individuals.

For this reason, our review will examine the cur-
rent understanding of morphologists regarding age-
related alopecia and the factors that cause it.

AIM OF THE RESEARCH

To summarize the data on the causes of age-
related alopecia from the point of view of modern
morphology.

SOME ASPECTS OF THE CONCEPT
OF HEALTHY HAIR AND ITS STRUCTURE

What is healthy hair? This is the question posed
by Australian scientist Rodney D. Sinclair (2007) in
his research. In his opinion, for hair to meet the
“healthy” criterion, it must, firstly, have the appro-
priate volume (mechanical strength) and, secondly, a
shine. Only if these criteria are met, it is fair to say
that the hair is truly healthy [14].

The hair shaft is composed of terminally differen-
tiated keratinocytes produced by the hair follicle.
The structure of the hair includes an outer hydro-
phobic lipid epicuticle and a layer of flattened over-
lapping cuticle cells surrounding elongated polyhe-
dral cortical cells. The normal cuticle has a smooth
appearance, which allows to reflect light and limits
friction between hair shafts. It is responsible for the
shine and texture of hair. Cortical cells surround an
optional and often discontinuous central medulla.
The cortical layer, in turn, determines many of the
mechanical properties of the hair. The hair surface is
covered with a covalently bonded monomolecular
layer of a unique branched fatty acid, 18-methyleico-
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HQINYUU 9TUX KPUTEPUEB MOXKHO YTBEPIKIATh, UTO
BOJIOCBI JIEHCTBUTETHLHO SIBJISIOTCS 37I0POBBIMU [14].

CTepkeHb BOJIOCA COCTOHUT W3 TEPMUHAIHHO
IuddepeHIIIPOBAHHBIX KEPATUHOIIUTOB, KOTOpHIE
BBIPA0ATHIBAIOTCA BOJIOCAHBIM  (oJUTHKYJIOM. B
CTPYKTYPY BOJIOCA BXOAHUT BHENIH:AS TUAPOdOOHasK
JIMIUAHASA STIUKYTUKYJIA U CJIOU YIUIOIEHHBIX TIepe-
KDPBIBAIOIINXCA KJIETOK KYTHKYJIBI, OKPY>KAIOIIIX
VIJIMHEHHbIE  MHOTOTPAHHBIE  KOPTHKAIbHBIE
ki1eTku. HopMmasibHasg KyTHKysjaa WMeeT TJIaJKUi
BHEIIHUHN BHJ, UYTO IIO3BOJIAET OTPAKATh CBET U
OTPAaHUUMBAET TPEHHE MEXKIy CTEPKHIMH BOJIOC.
Omna orBeuaet 3a 0OJ1eCK U TeKCTypy Bosoca. Koprtu-
KaJIbHbIE KJIETKH OKDPY)KalOT Heo0s3aTeJIbHbIH U
YacTO MPEPBHIBUCTHIN IEHTPATILHBINA MO3TOBOM CJIOH.
KopTukanpHbBIH €104, B CBOIO O4Yepesb, OIpesiesisaeT
MHOTHE MeXaHHU4YecKHe CBOICTBa Bosioca. IToBepx-
HOCTh BOJIOCA IIOKPBITA KOBAJIEHTHO CBSI3aHHBIM
MOHOMOJIEKYJIIPDHBIM CJIOEM YHUKAJIbHOH pa3BeT-
BJIEHHOU >KHPHOW KHCJIOTHI — 18-METHISUKO3aHO-
BOH. 3peJible U aKTUBHO PaCTyII[ie BOJIOCSIHbIE DOJI-
JIMKYJIBl 3aKPEIUISIOTCS B TOJKOXKHON KJIETYATKe U
[IeEPUO/INYECKU PETeHEePUPYIOT, IIOCTOSHHO IIPOXO/Is
IIOBTOPSIOIINECS IUKJIBI: POCTA — aHATeHA, 3PEJIOTO
IIOKOSI — TeJIOTeHA W IIOCTENEHHOH perpeccuu —
KaTareHa, 3aIIpOrPAMMUPOBAHHO YXOJs B aIllOITO3
[14, 15].

VHTepeceH U MPUPOAHBIA MEXaHU3M ITUTMEHTa-
nuu Bosioca. llucrenmHusupoBaHHAs (opma mesa-
HUHA (PymMenaHUH U (eoMeJIaHWH) BOJIOCIHOTO
CTEpKHS TPEACTABIsAET COO0M XUMHYECKUU IIPO-
JIYKT TOYHBIX B3aUMOJIEUCTBHH B IUTMEHTHOU
CUCTEeME BOJIOCSHOTO (DOJUIHKYIa MEXAY (POJIITHUKY-
JIIPHBIMHA ~ MEJIAHOIIUTAMH, KEepPAaTUHOIUTAMHU U
¢ubpobiiacraMu JIepMaJIbHBIX COCOYKOB. IIporecc
(hoJTUKYIAPHOTO MeaHOTeHe3a BKJIIOUAET B cebst
[IOCJIEZIOBATEIPHYI0  MEJIAHOTEHHYI0 aKTUBHOCTH
(pONITUKYIAPHBIX ~ MEJAHOIUTOB, IIOCJIEIYIOIIHH
IIepeHOC TPaHy/I MeJIAHMHA B KEPATUHOIUTHI KOPBI U
MO3TOBOTO BEIECTBA, YTO MPUBOAUT K (OPMUPOBA-
HUIO IHUTMEHTHPOBAHHBIX CTEPIKHEH BOJIOC. ITOT
MpOIlecC TOCTAaTOYHO CJIOJKEH, COCTOUT M3 KacKaza
OMOXMMUYECKUX PEeaKINH U PETYINPYETCs MHOMKe-
CcTBOM (bePMEHTOB, CTPYKTYPHBIX U PETYJIATOPHBIX
6eJIKOB, MOJIEKYJI-TPAHCIIOPTEPOB, PEIENITOPOB U UX
JIMTAHZIOB, (YHKIUOHUPYIOIUX HA KJIETOUHOM
YPOBHE BO BpeMs Pa3BUTHUA Bosoca. DoJUTHKyIIAp-
HBIII MeJIaHOTeHEe3 HEIIOCPEICTBEHHO aKTUBEH B CTa-
JIUY aHareHa, Ha MHUKe [FKJIA POCTa BOJIOCA, 3aMel-
JISIACHh B TIEPHOJiE TeJIOTeHA U ITOJHOCTHIO 3aBepIa-
fACh B KarareHe [16—18].

OnHakKo ke BEpHEMCS HEIOCPEICTBEHHO K BO3-
pactHO# anomenun. Kakve mpuponnble (HakTOpPbI
IpY HOPMAJIBHOM (U3UOJOTUYECKOM CTAPEHUH

sanoic. Mature and actively growing hair follicles are
fixed in the subcutaneous tissue and regenerate on
an intermittent basis, constantly going through
repeating phases: growth (anagen), mature resting
phase (telogen) and gradual regression (catagen),
finally going into apoptosis [14, 15].

The process of follicular melanogenesis involves
sequential melanogenic activity of follicular melano-
cytes, subsequent transfer of melanin granules to
cortical and medullary keratinocytes, which leads to
the formation of pigmented hair shafts. This process
is quite complex, consists of a cascade of biochemical
reactions and is regulated by a multitude of enzymes,
structural and regulatory proteins, and transporter
molecules, receptors and their ligands that function
at the cellular level during hair development. Follicu-
lar melanogenesis is directly active during the ana-
gen stage, at the peak of the hair growth cycle, slow-
ing down during the telogen period and completely
terminating in the catagen stage[16—18].

However, let us return directly to age-related alo-
pecia. What natural factors during normal physio-
logical aging affect a decrease in hair volume, reduce
healthy shine and mechanical strength, negatively
influencing on the very important appearance of
hair? From the point of view of modern morphology,
there are several such factors. We will try to under-
stand each of them.

VASCULAR FACTOR OF AGING

To begin with, it is worth noting that hair is an
anatomical structure that is extremely vulnerable to
ischemia. Kato et al. (2020) found that chronic skin
ischemia reduces hair growth rate, hair shaft size and
its pigmentation in the anagen phase, which may
reflect one of the key components of alopecia and
depigmentation pathogenesis (gray/white hair). The
results of this study showed that the hair follicle is
very sensitive to oxygen deficiency, and appropriate
physiological oxygenation is a direct regulator of hair
growth [19].

It is worth noting that the skin is a unique hetero-
geneous organ in its tissue architecture. There are
many pronounced regional differences in its struc-
ture and functions, and aging is a key determinant
that increases heterogeneity over time. Thus, the
blood and lymphatic vessels of the skin, depending
on their location in the dermis, experience various
biomechanical and biochemical effects, and this is a
key element. Evolutionarily, the skin vessels have
adapted to this tissue anisotropy — unique anatomi-
cal and physiological mechanisms were formed.
They represent a complex vascular system of the der-
mis microcirculatory bed that is organized as two
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BJIMSIIOT HA YMEHbIIIeHHe 00beMa BOJIOC, CHIKAIOT
37I0pPOBBIH OJIECK U YXY/IIIIAIOT MEXaHUYECKYIO MTPOY-
HOCTb, HETATUBHO BJIUAA HA CTOJIb BAXKHBIN BHEIII-
HUU BU/ 11eBeTophI? C TOUKYU 3pEHUST COBPEMEHHOU
mopdoJsioruu Takux pakTopoB HeckobKo. [TocTrapa-
eMcst pa3obpaThCs ¢ KaXKIbIM U3 HUX.

COCYIUCTBI ®PAKTOP CTAPEHUA

Jl1s Hayaja CTOUT OTMETUTH, YTO BOJIOC — 3TO
aHaToOMUUecKas CTPYKTypa, KpaliHe ysA3BUMas Iepey
umemueit. H. Kato et al. (2020) BbIAABHIN, UTO XpO-
HUYecKas WUIIeMUS KOKH CHIDKAeT CKOPOCTh POCTa
BOJIOC, YMEHBIIIAeT Pa3Mep cTeP:KHSA BosIoca U 1o7a-
BJISIET MUTMEHTAIHI0 B (pa3e aHAreHa, UTO MOKET
OTpa’KaTh OJHO U3 KJIIOUYEBBIX 3B€HbEB ATOPU3UO-
JIOTUH aJIONEIUU U JIeMUTMeHTauuu (IOosBJIeHHe
cennHbI). Pe3ysibTaThl JAHHOTO HCCIIEIOBAHMS IIOKA-
3aJI1, YTO BOJIOCSHOH (DOJUIMKYJI OUE€Hb UyBCTBUTE-
JIeH K HeJIOCTaTKy KHCJIOpPO/ia, a TpaBwiIbHasA GU3U-
OJIOTHYECKass OKCUTEHAIUs SIBJIAETCA HeIOoCpe-
CTBEHHBIM PETYJISITOPOM pocTa BoJioc [19].

3/lech CTOUT cZiesiaTh OTCTYIUIEHUE U 3aMeTUTh,
YTO KOXKa 10 CBOEH TKaHEBON apXUTEKTOHUKE SBJIA-
€TCsl YHUKAJIbHBIM HEOJHOPOJHBIM OpraHoM. B ee
CTPYKTYPe U (PYHKITUAX MHOTO BHIPAXKEHHBIX PETHO-
HAJIBHBIX PA3JINYMI, a IPOIECCHl CTapeHUs SIBJIS-
IOTCSI OIIPEAEIIAIONAM AKTOPOM, YBETMIHNBAIOIIIM
HEO/THOPOJITHOCTh € TeueHHeM BpeMeHH. Takum
06pa3oM, KPOBEHOCHbIE U JTUMGpATUUECKHUE COCY/IbI
KOXXKH B 3aBHCHMOCTH OT JIOKUIH3AIUU B JEpMe
HCIBITBIBAIOT Pa3/IMYHbIE OMOMeXaHUUecKre U OG1o-
XUMUYECKUE BO3IEHCTBUSA, U 3TO SBJISIETCS KJIIOUe-
BBIM 3BEHOM. JBOJIIOIIOHHO COCYZBI KOXKH a/IalTH-
poBanNCh K JAHHOU TKaHeBOU aHU3O0TPOIHOCTH —
chopMupoBaICh yYHUKAJIbHBIE aHATOMO-(PU3UO-
JIormyecKue MexaHu3Mbl. OHU IPEICTaBIIIOT COO0U
CJIOKHYIO CUCTEMY COCYZIOB MUKPOIIUPKYJIATOPHOTO
pyci1a IepMbl, OpTaHU30BAHHYIO B BUJIE JIBYX MTapaJi-
JIEJIBHBIX CIUVIETEHUN C KANWUIAPHBIMHU IETJISIMU,
BETBANIUMUCS  NEPHEHAUKYJIIPHO OT CaMOTro
MIOBEPXHOCTHOTO cIteTeHus. K moxmiomy Bo3pacty
MOSIBJIsIETCS] TeHAEeHIUs K arpodun TkaHed. Oco-
OeHHO JIaHHBIM IPOIECC KAacaeTcs BEPXHUX CJIOEB
JIEpMbI. DTO TPUBOAUT K CHIDKEHUIO UYHCJIEHHOH
IUIOTHOCTH KPOBEHOCHBIX KANWUIAPHBIX IIE€TETh
koxu. Tax, B Xxo7ie ucce0BaHUN YCTAaHOBJIEHO, UTO
IUT KOXKU B MOJIOZIOM BO3pacTe B CPeJHEM Xapak-
TEPHO HAJIMYKE OKOJIO 60 TAKUX IETETh HAa KBA/IpaT-
HBIN CaHTUMETD /iepMbl. Ho BOT K OXKMIOMY BO3pa-
CTy B KO2Ke JIOOHOH 00J1aCTH KOJTMYECTBO KAITHJLISIP-
HBIX IeTeJb Ha JI0y yMeHBIIAeTcs IPUMEPHO Ha
40 % [20, 21].

BospacTHble H3MEHEHUsI KaCAIOTCs U CAMHUX COCY-
JIOB — 3TO (PUBUOJOTUUYECKUA MHOTO(PAKTOPHBIN

parallel plexuses with capillary loops extending per-
pendicularly from the most superficial plexus. By old
age, a tendency towards tissue atrophy appears. The
upper layers of the dermis are involved in this pro-
cess predominantly. This leads to a decrease in the
numerical density of blood capillary loops of the
skin. Thus, it was established that the skin at a young
age have on average 60 such loops per square centi-
meter of the dermis. However, by old age, in the skin
of the frontal region of the head, the number of capil-
lary loops decreases by about 40% [20, 21].

Vessels themselves also underdo age-related
changes — this is a physiological multifactorial pro-
cess that affects all types of vessels without excep-
tion, from large arteries to the smallest arterioles and
venules of the microcirculatory system. Aging is
manifested in impaired vasomotor function, altered
secretory phenotype, deteriorated intercellular
transport function, structural remodeling and dete-
rioration of the barrier function between the blood
and the vascular smooth muscle layer [22]. A com-
prehensive review devoted to the deterioration of
regeneration and the prolongation of repair time of
the endothelium — mesenchymal cells of the inner
monolayer, which overlays the inner surface of blood
vessels, was presented by Vlasova et al. (2023). The
endothelium has an incredible ability to adapt to
physiological changes as soon as possible, but age-
related progressive degeneration significantly inter-
feres with restoration and maintenance of tissue bal-
ance. The authors considered such factors as mito-
chondrial dysfunction, changes in the regulation of
apoptosis and autophagy, cell cycle dysregulation,
and changes in protein homeostasis as putative
mechanisms of endothelial aging [23].

Thus, according to the literature, age-related
changes in skin vessels lead to a decrease in hair
growth rate, hair shaft size and suppression of pig-
mentation in the anagen phase.

LYMPHODYNAMICS AND IMBALANCE
OF THE INTERCELLULAR MATRIX
OF THE SKIN

The lymphatic system is a critical role in fluid
transport, antigen delivery and tissue homeostasis
[24—-26].

Kataru et al. (2022), using fluorescence immuno-
histochemistry and flow cytometry, confirmed that
Iymphatic vessel density decreases by advanced age.
Indocyanine green lymphangiography and dendritic
cell migration assays confirmed that aging decreases
both lymph pumping and cell migration via lym-
phatic vessels. At the cellular level, aging causes a
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Iporiecc, 3aTParMBAIONIUN Bce 0e3 HCKII0UYEHUS
TUIIBI COCYZIOB, OT KPYIHBIX apTepuil /10 Mesbyaii-
IIUX aPTEPUOJI U BEHYJI B CUCTEME MUKPOIUPKYJIS-
nuu. CrapeHue pOsBIIsAETCA B HAPYIIEHUH Ba30MO-
TOPHOU (PYHKITNU, U3MEHEHUH CEKPETOPHOTO (PeHo-
TUIA, 3aMe/JIeHUN MeXKKJIETOUHON TPaHCIOPTHOM
(pyHKIIUU, CTPYKTYPHOM PEMOJEIMPOBAHNU U XY~
IeHnn 6apbepHON QYHKITNU MEXK/Y KPOBbBIO U TJI1aJI-
KOMBIIIIEYHBIM CJIOEM cOCyZoB [22]. OO6cTosTe h-
HBI 0030D, MOCBSIIEHHBIA YXYAIIEHUIO KayecTBa
pereHepanuy u yJJIUHEHUIO BPEMEHU perapariuu
SHJIOTEJINS — KJIETOK BHYTPEHHETO MOHOCJIOS Me3€eH-
XUMHOTO TIPOUCXOXK/I€HUS, KOTOPBIN BBICTHJIAET
BHYTPEHHIOIO IIOBEPXHOCTh KPOBEHOCHBIX COCY/IOB,
npencraBuiu T.U. Biacosa ¢ coasT. (2023). dH0TE-
i 06J1a/1aeT HEBEPOSITHON BO3MOXKHOCTBIO B KpaT-
yaiiye CpoKU aanTHUPOBAaThCA K (HHU3HOJIOTHYE-
CKUM H3MEHEHHSM, HO IPOTPECCUPYIONIAasl IereHe-
pauus, BbI3BaHHAsA IIPOIECCOM CTApeHUs, 3HAYU-
TeJIbHO TPEIATCTByeT MeXaHW3MaM BOCCTAHOBJIE-
HUSA U TO//IepKaHUA TKaHeBoro OajyaHca. B kaue-
CTBE IIPEATIOJIaraeMbIX MEXaHU3MOB CTAPEHUSA IH/I0-
TeJIs aBTOPAaMU PACCMOTPEHBI Takue GaKTOPBhI, KaK
MUTOXOH/IpUATbHAS TUCHYHKINS, U3MEHEHHE PEry-
JIALUY IPOTPaMM aIoITo3a U ayTodaruu, Aucpery-
JISIOUS KJIETOYHOTO IUKJIA, U3MEeHEeHUe roMeocTasa
GeskoB [23].

Takum 06pa3om, IO AAHHBIM HAYYHOH JIUTEpa-
TYpbI, BO3PACTHbIE U3MEHEHHUS COCYIOB KOXKU MPHU-
BOJAT K CHIPKEHHIO CKOPOCTU POCTa BOJIOCA, YMEHB-
IIEHUIO0 Pa3Mepa ero CTepPKHs U MOZAaBJIEHUIO ITHT-
MeHTaIuu B pa3e aHareHa.

JINMMOOINHAMUKA U «PASBAJTIAHCU-
POBKA» MEXKK/IETOUYHOI'O MATPUKCA
KON

Jlumpatnyeckass cucrema wumMeeT QyHIaMeH-
TIbHOE 3HAUYEHHE B TPAHCIIOPTUPOBKE JKUKOCTH,
JIOCTaBKE AHTUTEHOB U IOJAJIEP:KAaHUH TKAHEBOTO
romeocrasa [24—26].

R.P. Kataru et al. (2022), ucHoNB3YysT METOIBI
(ryopecrieHTHO HUMMYHOTHCTOXHMMHH W IIPOTOY-
HYI0 [TUTOMETPHUIO, TTOATBEPAUIIN, UTO K MOKUIOMY
BO3PACTy IUIOTHOCTH IUM(PaTUIECKUX COCYIOB KOXKH
yMmeHbIaercs. JIlumdpanruorpadusa ¢ UHIOIUAHU-
HOBBIM 3€JIEHBIM U aHATU3 MUTPAIUH JE€H/[PUTHBIX
KJIETOK TIOATBEPKAAIOT, YTO TIPOIECC CTapeHUs
YMEHbIIIaeT KaK CKOPOCTh TOKa IUMQbI, TAK U MUTPA-
W0 KJIETOK 10 JIMM(paTUIEeCKUM cocyziam. Ha xite-
TOYHOM YpPOBHE CTapeHHe BHI3bIBAET CHUKEHHE
nepesiaun curianos VEGFR-3, 4To mpuBoguT K ycu-
JIEHWIO alloITO3a SH/IOTEJTUOIMTOB U HCTOHUYEHUIO
Koxku. HakoHell, WccieZIoBaTeN TaK:Ke BBISBUJIH,

decrease in VEGFR-3 signaling, which leads to
increased endothelial cell apoptosis and skin thin-
ning. Finally, the researchers also found that aging
causes a decrease in lymphatic chemokine produc-
tion and alters the expression of junctional and adhe-
sion molecules in endothelial cells. This, in turn,
leads to increased perilymphatic inflammation and
nitrosative stress which may further contribute to
physiological damage to tissue that directly leads to
aging. Taken together, this study provides insight
into the various biochemical mechanisms at the cel-
lular level that contribute to lymphatic dysfunction
during aging, which, in turn, exacerbates skin
aging [24].

Matrix proteins are secreted extracellular pro-
teins that bear no primary structural functions but
play a key role in tissue remodeling during develop-
ment, maintenance of homeostasis, wound healing,
and, importantly, aging mechanisms. Despite their
low expression after birth, matrix proteins in skin
cells support the structural function of many extra-
cellular matrix proteins, such as collagens [27, 28].

In the niche of hair follicle stem cells, matrix pro-
teins such as periostin, tenascin C, and fibulin 1,
function, modulating stem cell activity during the
hair cycle and stabilizing arrector pili muscle attach-
ment to the hair follicle during piloerection (so called
goosebumps) [27, 29].

With age, the number of matrix proteins in the
intercellular space decreases. This leads to early
depletion of rapidly developing stem cells, a decrease
in the expression of collagen type proteins, which, as
a consequence, causes skin thickening and subse-
quent atrophy of the superficial microvascula-
ture [27].

Summarizing the above, it should be noted that
the combination of a decrease in lymph pumping,
cell migration through lymphatic vessels and a
decrease in matrix proteins in the intercellular space
by old age leads to impaired homeostasis and, as a
consequence, impaired nutrition of hair follicles.

DEPLETION OF HAIR FOLLICLE STEM
CELL NICHES

Stem cells have the ability to self-renew and gen-
erate functionally differentiated cell types. The main
role of adult stem cells is to maintain tissue homeo-
stasis and repair damaged tissues [30, 31].

In the skin, as in other organs, various types of
stem cells were found, including those associated
with hair, called hair follicle stem cells (HFSCs).
These, as researchers found out, regulate hair
growth. Later, melanocyte stem cells (MESCs) were
discovered [30].
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YTO CTapeHUe BbBI3bIBAET CHIKEHUE BBIPAOOTKHU
JUMGON XeMOKUHOB M U3MEHSIET SKCIIPECCHUIO KJTe-
TOK DH/IOTEJINS B COEAWHHUTEIbHBIX MOJIEKYJIAX U
MOJIEKyJIax afire3uu. ITO, B CBOIO Oouepe/lb, IPUBO-
JIUT K YCWIEHUIO MepHINM(GATHYECKOTO BOCHase-
HUSA U HUTPO3aTUBHOMY CTpeccy, KOTOpbI€ MOTYT
JIOIIOJTHUTEJIBHO CTUMYJIMPOBATh (PU3UO0JIOTUIECKUH
«U3HOC» TKAHU, YTO U IPUBOJIUT HETIOCPEJCTBEHHO
K CTapeHUI0. B COBOKYITHOCTH JTaHHOE HCCIIEJ0OBAaHIE
MIPUOTKPBIBAET /IBEPh K MOHUMAHHIO PabOTHI pas-
JIMYHBIX OMOXUMHUUYECKUX MEXaHH3MOB Ha KJIETOU-
HOM YPOBHE, CIIOCOOCTBYIOIIMX HAPYIIEHUIO (PYHK-
oy JTUM@aTHIECKON CHUCTEMBI B IIPOIECCE CTape-
HUS, YTO, B CBOIO OUEPE/TH, YCYTYOIISIET CKOPOCTH CTa-
peHus KoxKu [24].

MatpukcHbIe OeTKH — 3TO CEKPETHPYEMbIe BHe-
KJIETOUHBbIE OEJIKM, KOTOPbIE HE BBHIMIOJHSIOT IEp-
BUYHbBIE CTPYKTYPHBIE QYHKIINH, HO UTPAIOT KITI0Ye-
BYIO DOJIb B PEMOJIEJIMPOBAaHUM TKaHEH BO BpeMs
IpoIecca UX Pa3BUTHA, MTOJIEPKAaHUN TOMEOCTa3a,
3aKUBJIEHUU PaH M, UTO BA)KHO, IPOTEKAHUU MeXa-
HU3MOB cTapeHUsA. HecMoTps Ha HU3KYIO SKCIIpec-
CHIO TIOC/IE POXK/IEHUS, MAaTPUKCHBIE OEJIKU B KJIET-
KaX KOXKH TOJJIEPKUBAIOT CTPYKTYPHYIO (DYHKITHIO
MHOTHX O€JIKOB BHEKJIETOYHOTO MAaTPHUKCA, HAIPH-
Mep, TAaKUX KaK KoJUIareHsl [27, 28].

B Huile CTBOJIOBBIX KJIETOK BOJIOCSHOTO (HOJLIH-
KyJia (PYHKIMOHUPYIOT TaKHe MAaTPUKCHBbIE OeJIKwH,
KaK IepuocThH, TeHacuuH C, GubyIIUH 1, MOAYIUDPY-
IOIl[e AKTUBHOCTH CTBOJIOBBIX KJIETOK BO BpeEMs
[IMKJIa pOCTa BOJIOC U YYACTBYIOIINE B IPUKPEIJIEHUN
m. arrector pili k BosocssHOMY (DOJIITUKYJTYy BO BpeMst
MIO3PEKIINH (Ta camast «TyCHHasI Koxka») [27, 29].

C BO3pacToM cofieprKaHue MaTPUKCHBIX OEJIKOB B
MEKKJIETOYHOM ITPOCTPAHCTBE CHUKAETCS. DTO MPH-
BOJAUT K PaHHEMY HCTOIIEHUIO OBICTPOPA3BUBAIO-
IIUXCA CTBOJIOBBIX KJIETOK, CHUIKEHUIO HKCIIPECCUU
Pa3JIMYHBIX THUIIOB KOJIJIaT€Ha, YTO, KaK CJIE/CTBUE,
BBI3BIBAET YIJIOTHEHHE KOXKU U ITOCJIEIYIONIYIO aTPO-
¢ui0 TOBEPXHOCTHOW MUKPOIMPKYJISITOPHOU COCY-
JucTOH ceTH [27].

[ToaBOAS IPOMEXKYTOYHBIA UTOT, CJIEZYET OTMe-
TUTh, YTO COBOKYITHOCTh YMEHBIIEHUS CKOPOCTHU
Toka UMb, MUTPAllUU KJIETOK IO JuUMdarude-
CKUM COCyJIaM M CHUIKEHUS COZEPKaHUA MaTPHUKC-
HBIX O€TKOB B MEKKJIETOYHOM ITPOCTPAHCTBE K CTap-
YeCKOMY BO3pACTy IPHUBOJIUT K HAPYIIEHHUIO TOMEO-
cTaza ™, Kak CJe/ICTBUE, HAPYIIEHUIO aJIEKBATHOTO
MIUTAHUS BOJIOCTHBIX (POJITHKYIIOB.

NCTOIIEHME HUIII CTBOJIOBbBIX
KJIETOK BOJIOCAHDBIX ®OJIJ/IMKYJIOB

CTBOJIOBBIE KJIETKU 00JIafaroT CIIOCOOHOCTBIO K
CaMOOOHOBJIEHMI0O U TE€HEPUPOBAHUIO (DYHKI[HO-

In 1978, R. Schofield suggested the concept of the
stem cell niche. It is based on the hypothesis that the
niche for HFSCs is an environment provided by
neighboring non-HSCs. In this niche, hair progeni-
tor cells retain their ability to self-renewal and their
identity [32].

Currently, this hypothesis is not only confirmed
by many studies, but also enhanced by new data.
Thus, modern researchers claim that a niche is an
entire microcosm consisting of many different cells.
The niche includes cells directly adjacent to stem
cells, their own differentiated progenies and other
cellular components, such as blood vessels, lym-
phatic capillaries, nerves, stromal cells, adipocytes
and many immune cells, such as regulatory T cells,
tissue macrophages and mast cells [30, 33].

In animal experiments, it has been established that
the telogen phase in older mice is more than twice as
long as in young individuals, while the anagen phase,
on the contrary, is slightly reduced. As a result, hair
regeneration slows down significantly, hair covering
becomes shorter and looks thinner, which ultimately
causes alopecia. Scientists indicate a significant
increase in the telogen phase in accordance with
changes in the growth cycle and in the appearance of
hair. Researchers explain this by the fact that the
activity of HFSCs and their ability to form colonies in
older mice are reduced compared to niches in young
individuals. However, the transcriptional identity of
HFSCs is retained, which leads to the conclusion of
utmost importance: in older mice, the activity of
HFSCs changes, but the latter do not die. This means
that niches for stem cells operate for life [30].

An interesting study was performed by Chinese
scientists. Xie et al. (2022) found that a decrease in
diameter of the hair shaft (and with age, its anatomi-
cal shrinking occurs [34]) leads to a decrease in the
physical niche size, which, as a consequence, medi-
ates mechanical compression of HFSCs and their
massive apoptotic loss. Biomechanically, cell com-
pression activates the mechanosensitive channel
Piezo1 which triggers calcium influx. This process, in
turn, increases sensitivity to tumor necrosis factor-
alpha (TNF-a) depending on the hair cycle in other-
wise resistant HFSCs and induces ectopic apoptosis.
Constant hair shaft miniaturization during aging
leads to long-term loss of HFSCs, causing continuous
ectopic apoptosis via the activated Piezo1 channel.
The results of this study reveal an unconventional
role of the hair shaft, that initially considered as an
inert structure, as a functional niche component
determining HFSC survival. The study identified a
mechanosensory axis regulating stem cell depletion
caused by physical niche atrophy in vivo [35].
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HaJIbHO U dePEHITUPOBAHHBIX TUIOB KJIETOK.
OcHOBHAsE pOJIb B3POCTBIX CTBOJIOBBIX KJIETOK
3aKJTIOYAeTCsI B TOJJEPKaHUU TKAaHEBOTO TOMeEO-
CcTa3a W BOCCTAHOBJIEHUH IOBPEKJEHHBIX TKaHEH
[30, 31].

B ko3ke, KaK U B JIpDyTUX OpraHax, ObLIH OOHAPY-
JKEHBbI Pa3JIMYHbIE THIIBI CTBOJIOBBIX KJIETOK, B TOM
Yucjie U Te, KOTOPhIE CBSI3aHBI C BOJIOCAMH, ITOJIY-
YHUBIIE HAa3BaHUE «CTBOJIOBBIE KJIETKH BOJIOCSHBIX
dosutukynos» (HFSC). OHu, KaK BBISCHIIN UCCIIE-
JIOBaTEeJIN, PETYJIUPYIOT pocT Bosioc. CIycTs BpeMsi
OBUIH OTKPBITHI CTBOJIOBBIE KJIETKU MEJIAHOIIUTOB
(MESC) [30].

B 1978 r. P. lodungom (R. Schofield) Grura
MpeJIJIOKEeHA KOHIIEIIIUSA HUIIIM CTBOJIOBBIX KJIETOK.
B ee ocHOBe — runoTesa o ToM, uto Huna a1 HFSC
MIpeJICTaBIsieT coOO Cpeay, CO3[aBaeEMyI0 COCEJ-
HUMH OOBIYHBIMH KJIETKaMHU. B 9TOI HUIIlE KIETKU-
MPEJIIIIECTBEHHUKH BOJIOC COXPAHSIIOT CBOIO CIIOCO0-
HOCTb K CAMOOOHOBJIEHUIO U HAEHTHYHOCTD [32].

B HacTosiIiee BpeMs JaHHAsA TUIIOTE3a He ITPOCTO
MOAITBEPIK/IA€TC MHOTUMH HCC/IEIOBAHUSAMU, HO U
JIOITOJIHSIETCST HOBBIMHU CBeZIeHUSAMU. Tak, COBpeMeH-
HbIE HMCCJIEZIOBATENIN YTBEPIKAAIOT, YTO HUIIA — 3TO
IIeJIBIA MUKPOMUP, COCTOSIINN U3 MHOKECTBA KJle-
TOK Pa3HOTO IMPOMCXOXKAEeHUs. B cocTaB HHUIIIKM BXO-
JISIT KJIETKH, HENOCPEJCTBEHHO IPHUMBIKAIOIINE K
CTBOJIOBBIM KJIETKaM, COOCTBEHHBbIE NupdepeHn-
pOBaHHBIE TOTOMKH CTBOJIOBBIX KJIETOK U JAPYTHX
KJIETOUHBIX KOMIIOHEHTOB, HAIpUMeEpP, KPOBEHOC-
HBIX COCYZIOB, JIUM(}aTUUYECKUX KAIWLISPOB,
HEPBOB, CTPOMAJTbHBIX KJIETOK, aUIIOIIUTOB U MHO-
JKEeCTBa MMMYHHBIX KJIETOK, TAKUX KaK PEryJsTop-
Hble T-KJIETKH, TKaHEBble MakKpodaru U TYyJIHBIE
KJeTku [30, 33].

B wucciemoBaHUSAX Ha 9KCIEPHUMEHTATbHBIX
JKUBOTHBIX YCTAHOBJIEHO, YTO Y IOKHUJIBIX MBIIIEH
IIEPUO/, TeJIOTEHA YBEJINYHUBAETCS IO IIPOOIKU-
TEJIbHOCTH 0oJiee UeM B JiBa pa3a B CPaBHEHHUHU C
MOJIOJIBIMHU 0COOSIMU, a IIEPHOJ] aHAreHa, Ha0bopOoT,
HEMHOT'0 cokpaiaercs. Kak ciencTtBue, 3HA4YH-
TEJbHO 3aMe/JIsieTcsi pereHeparus BOJIOC, BU3Y-
QJIBHO BOJIOCSTHOW TIOKPOB CTAHOBHUTCS KOPOUE H
BBITJISIAUT OoJiee paspeskeHHbIM, UTO B UTOTE IPO-
BOITUpYyeT aJoNenuio. YueHble 00pamanT BHUMA-
HUE Ha Pa3UTeIbHOE yBeJIMYEeHHe IMepuoja TeJo-
reHa COIJIACHO W3MEHEHUsM B IIUKJIE POCTa U BO
BHEIITHEM BHJie BoJioc. MccienoBaTesn 00bACHSIOT
3T0 TeM, uTo akThuBHOCT, HFSC 1 nx cnoco6HOCTH
00pa30BbIBATh KOJOHUH Yy MOKHUJIBIX MBIIIEH CHU-
JKEHBI B CPAaBHEHUU € HUIIIAMU Y MOJIOJIBIX 0COO€EH.
OpHako TpaHcKpUIIuoHHAasA uaeHTUUYHOCTh HFSC
COXpaHAETCS, YTO MPHUBOAUT K KpalHe BaKHOMY
YMOBAaKJIFOUEHHIO: Y TTOKUJIBIX MBIIIEH U3MEHSETCS

Thus, a decrease in hair shaft diameter leads to a
reduction in physical size of the stem cell niche,
which, as a consequence, mediates mechanical HFSC
compression, causing massive cell apoptosis and
being the mechanosensory axis that regulates niche-
atrophy-induced stem cell depletion.

THE MITOCHONDRIAL THEORY
OF AGING DEBATE

The mitochondrial free radical theory of aging
has occupied a central place among lots of proposed
theories of aging of biological organisms for several
decades [36].

Denham Harman, the founder of the mitochon-
drial aging theory and a respected figure among ger-
ontologists, at the end of the 20™ century suggested
that in the mitochondrial energy chain, free radical
leakage is observed and this process is constant. Har-
man was sure that such free radical leakage is not
controlled by cells and is an inevitable result of cel-
lular respiration, similar to emission of carbon mon-
oxide when an automobile engine is running. The
mechanism of leakage involves a flow of electrons
running along respiratory chains, which occurrs near
molecular oxygen. Some of these electrons escape
beyond respiratory chains, bonding with oxygen.
Subsequently, this forms molecules of free radicals
that are destructive to living cells. According to his
theory, the higher metabolic rate in a biological
entity, the higher electron flow rate. This pattern
causes a massive electron leakage and the formation
of a large number of free radicals. As a result, bio-
logical species with a high metabolic rate do not live
long, accumulating rapidly critical amounts of free
radicals in their tissues, while those with a low meta-
bolic rate, on the contrary, live much longer [37—40].

The mitochondrial theory of aging, thanks to the
work of scientists, has been supplemented with many
different clarifications, and the role of mitochondria
in the aging process of the body is recognized by an
increasing number of researchers. Neuromorpholo-
gists and neurophysiologists are especially active in
working on this problem, since the brain is the most
energy-consuming organ of the body, in the tissues
of which are rich with a significant number of mito-
chondria [41—43].

The hair follicle is not such an energy-consuming
organ as the brain, but there are interesting studies.
For example, Singh et al. (2018) found a link between
damage associated with mitochondrial function and
phenotypic signs of skin aging and hair loss. More-
over, the experiments involving mice not only
revealed a cause-and-effect relationship, but also
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aktuBHOCTh HFSC, HO rubesnu mocjiegHux He IPO-
HUCXOJAUT. DTO O3HAYAET, YTO HUIIIM JJI CTBOJIOBBIX
KJIeTOK (PYHKIUOHUPYIOT 10 TOCIAEHUX JHEH
JKU3HU [30].

VHTepecHOe HcCC/IeJOBAaHUE IMPOBEAEHO KUTAM-
ckuMH yueHbIMH. Y. Xie et al. (2022) ycranoBuiu,
YTO YMEHbIIIEHNE HaMeTpa BOJIOCIHOTO CTEPIKHS (a
€ BO3PAaCTOM IIPOUCXOAUT €r0 aHATOMHUYECKOE CyKe-
HUe [34]) IPUBOAUT K YMeHbIIIEHUIO (GU3UOIOTHYE-
CKOT'0 pa3Mepa HUIIIH, YTO, KaK CJIeZICTBUE, OIlOCpe-
nyer mexaHuudeckoe cxkatue HFSC u maccoBwIit
aronTo3 KJIeTOK. buomexaHnueckoe cxkaThe KJIETOK
aKTUBUPYET MEXaHOUYBCTBUTEJIBHBIN KaHa Piezo1,
KOTOPBIN 3aIlyCcKaeT IMPUTOK KalbIUA. ITOT IIPO-
11ecc, B CBOIO OU€EpE/Ib, IOBBIIIAET YYBCTBUTEILHOCTD
K daxTopy Hekpo3a onyxonu-anbda (TNF-a) B 3aBu-
CHMOCTH OT IIMKJIa POCTa BOJIOC Y PE3UCTEHTHBHIX B
npyrux otHomeHusAxX HFSC u uHAynupyer y:xe 5KTo-
nuveckuil anonTos. ITocrogHHAA MUHUATIOPU3ALIIA
BOJIOCSIHOTO CTeP3KHs B IIpoliecce cTapeHus NPUBO-
nut ¥ posroBpeMeHHoM morepe HFSC, BbI3bIBas
HeNIPEPBIBHBIM HKTONMUYECKUI alloNTO3 C IOMOIIBIO
aKTHUBUPOBAHHOTO KaHajla Piezol. PesysbTaThl
HCC/IETOBAHUS CBUJIETEBCTBYIOT O HEOOBIYHOM
POJIY BOJIOCSHOTO CTEPKHA, U3HAYAIBHO CUUTABIIIE-
rocsi HHEPTHOU CTPYKTYPOU, KakK (GyHKITHOHAIHBHOTO
HHIIEBOTO KOMIIOHEHTA, OIIPEJIEJISAIONIEr0 BhIXKUBA-
emoctb HFSC. B xoze paboTs! ompesiesieHa MeXaHO-
CEHCOpPHas OCh, peryJupylomias UCTOLIeHUe CTBOJIO-
BBIX KJIETOK, BBI3BaHHOE aTpodueil dusnueckoi
HHIIH In vivo [35].

Wrtak, yMeHbllleHHWe JuUaMeTpa BOJIOCAHOTO
CTEPKHSA MPUBOJUT K YMEHBIIEHUIO (PU3UOITIOTHYE-
CKOTI'0 pa3Mepa HUIIU CTBOJIOBBIX KJIETOK, YTO, KaK
cleficTBUEe, OIIOCpeZyeT MeXaHu4yeckoe CrKaTue
HFSC, obycioBauBasi MAaCCOBBIH alloNTO3 KJIETOK K
SIBJISIACH MEXAHOCEHCOPHOH! OCBIO, PEeryJIMPYIOIen
HCTOIIlEHNE CTBOJIOBBIX KJIETOK, BBI3BAHHOE aTpo-
dueit Humm.

JTUCKYCCHA O <MUTOXOH/IPUAJIBHOM
TEOPUU CTAPEHUI»

MuToxoHApHATbHAS cBOOOIHOPAUKATIbHAS
TEOpHUsl CTApeHUs Ha MPOTSKEHUU HECKOJIbKHUX
JIECATUIETAN 3aHUMAET IEHTPAJIbHOE MECTO CPEeIu
POCCHINIH MPEIJIOKEHHBIX TEOPUH CTapeHUs OHOJIO0-
TUYECKOro opraHusma [36].

Ienxam Xapmas (Denham Harman), ocHoBoIIO-
JIOKHUK TEOPUM MUTOXOHJPUAJIPHOTO CTapeHWUsI,
yBaskaemasi (purypa cpejii TepOHTOJIOTOB, B KOHIIE
XX B. MOPeAnosIOKWI, YTO B Ipolecce paboThl
«DHEPreTUYEeCKON Ielr» MUTOXOHAPUN IPOUCXO-
JIUT yTedKa CBOOOIHBIX PAJUKAJIOB, M 3TOT MIPOIleCe
mocTosTHEeH. XapMaH ObLT yBEPEH, UTO TaKas yTeuka

proved the reversibility of age-related alopecia by
restoring mitochondrial function, which is an
unprecedented fact [44].

A comprehensive review of the relationship
between mitochondrial skin aging and age-related
alopecia is presented by American scientists who
believe that mitochondrial dysfunction causes alope-
cia by reducing the rate of hair regeneration due to
several factors. First, during stem cell differentia-
tion, a switch from glycolysis to oxidative phosphor-
ylation occurs, which slows down the transition of
hair to the telogen phase. Second, mitochondrial
DNA depletion causes premature hair follicle dys-
function, which is manifested by marked hair loss.
An important conclusion was also made that the pro-
cess of hair loss can be stopped in case of downex-
pression of the mutant transgene, which may indi-
rectly indicate the reversibility of the above men-
tioned processes [45, 46].

Thus, there are interesting studies that have
revealed the relationship between molecular damage
due to mitochondrial function with phenotypic fea-
tures of skin aging and hair loss, and that mitochon-
drial dysfunction to determine alopecia reducing
hair regeneration rate.

CONCLUSION

Aging is an inherent natural process, complex and
multicomponent, consisting of the gradual accumula-
tion of biological changes that at the systemic level
weaken the body’s ability to resist stress factors and
contribute to the development of chronic diseases.
However, thanks to the progress in medical technolo-
gies, humanity can not only afford to minimize the
aging-related damage, but also grow old “beautifully”.
Currently, to look attractive and healthy even late in
life is a more than achievable goal. In our opinion, this
review covered the main morphological factors that
lead to deterioration in the quality of hair due to age-
related alopecia. Further detailed study of these fac-
tors is necessary to understand the subtle cellular
mechanisms of aging, which will slow them down,
and, if possible, completely level them out. This strat-
egy is advantageous in the long term and can signifi-
cantly affect progress in such fields of medicine as tri-
chology, cosmetology, geriatrics, and also influence
the tactical approaches of pharmacological companies
engaged in the development of drugs for preventing
age-related alopecia. Perhaps, after a while, having
long, lush, and most importantly, one’s own hair in
old age will be a matter of course.
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PaiNKaIOB He KOHTPOJIMPYETCS KJIETKAMU U SIBJIS-
eTcsi HEeOTBPATHMBIM pPe3YyJIbTaTOM KJIETOYHOTO
JIbIXaHUsI, T0I00HO BBIOPOCY YrapHBIX Ta30B IPHU
pabore nBurartens B aBToMoOmie. MexaHU3M
YTEUKH 3aK/II0YAeTCs B OETyIieM IO JbIXaTeIbHBIM
LensAM IIOTOKE BJIEKTPOHOB, YTO IPOUCXOAUT
BOJIM3U OT MOJIEKYJIIPHOTO KUCJIOPOoia. YacTh oTux
BJIEKTPOHOB BBLJIETAET 32 JIBIXaTeJIbHBIE I[EeIIH, BCTY-
mast B CBSA3b € KUCJIOPOJIOM. DTO B JIAJIbHEUIIIEM U
00pasyeT MOJIEKYJIBI PAa3PYIUIUTEbHBIX JIJISI JKUBBIX
KJIETOK CBOOOJIHBIX pagukaioB. COIJIaCHO €ro Teo-
puH, YeM BbIIlle Y GHOJIOTUYECKOTO 00BEeKTa ypo-
BeHb MeTaboJIN3Ma, TeM BBIIIE CKOPOCTh IOTOKA
2JIeKTpOHOB. Takas 3aKOHOMEpPHOCTb O0YCJIOBJIH-
BaeT MaCCUBHYIO YTE€UKY 3JIEKTPOHOB U (HOPMUPO-
BaHUe OOJIBIIIOTO KOJIMYECTBA CBOOOTHBIX PaUKa-
s0B. Kak ciencrue, 6uoIornyecKkyie BUABI C BBICO-
KUM YPOBHEM MeTa00JIN3Ma KUBYT HEI0JITO, CTPe-
MUTETPHO HAKAIIUBAsg B CBOUX TKAHIX KpUTHYE-
CKOe 3HaueHHNe CBOOOTHBIX PAIUKAJIOB, a C HU3KUM
ypOoBHEM MeTaboJin3Ma, HAlIPOTHUB, JKUBYT TOPa3zo
JoJiblie [37—40].

MuToxoHApHaIbHas TeOpUs CTapeHus:d, OJaro-
Japsi paboTe y4eHBIX, MOIOJIHAIACH MHOYKECTBOM
Pa3JINYHBIX YTOUHEHUH, a POJIb MHUTOXOHJIPHUU B
Iporiecce CTapeHUsi OpraHW3Ma IIpU3HAeTCs BCe
6OJIBIIINM KOJTHYECTBOM HccsieioBaTeseil. Oco6eHHO
aKTUBHO HAJ| 3TOW MmpoOeMoii paboTaiT HeHWpo-
MOpdoJIOTH 1 HEUPOPU3UOJIOTH, TAK KAK TOJIOBHOHU
MO3T — CaMbIll HSHEPTOEMKHH OpraH OpraHu3Ma, B
TKaHAX KOTOPOTO HAXOJUTCS 3HAYUTEIHHOE UHCIIO
MHUTOXOH/IPUH [41—43].

BosocsiHO# (POJIITMKYJT HE CTOJIb HEProIoTpe-
OJIIONIUHA OpTaH, KaK MO3T, OJTHAKO UMEIOTCS UHTe-
pecubie uccimenopanus. Tak, B. Singh et al. (2018)
BBISIBIJIUA CBSI3b MEKY TTOBPEKIAEHUIMU, aCCOIHU-
poOBaHHBIMU ¢ GYHKIIMOHUPOBAHNEM MUTOXOH/IPUH,
U GEHOTUINYECKUMHU IPU3HAKAMU CTAPEHUS KOXKHU
U BBINIaJIEHHEM BOJIOC. Bosiee Toro, MiccieoBaHusA Ha
MBIIIIAX He IPOCTO YCTAHOBWIN IIPUYMHHO-CJIEICT-
BEHHYIO CBfI3b, HO €llle U J0Ka3aju oOpaTUMOCTh
BO3PACTHOH aJIONENMH IyTeM BOCCTAHOBJIEHUS
(GyHKIIUE MUTOXOHAPUIH, UTO SBJIsETCS Oecrperie-
JIEHTHBIM (bakToM [44].

OO6CTOATENBHBI 0030p, IOCBAIIEHHBIA CBA3H
MUTOXOH/IPUATBHOTO CTAPEHUS KOXKHU C BO3PACTHOM
ajionenuel, Ipe/CTaBJIeH aMEepUKAHCKUMU yue-
HBIMH, CIUTAIONIUMHU, YTO MUTOXOHIPUATbHAS JTHAC-
(byHKIMA BBI3BIBAET AJIONEINIO, CHIKAS CKOPOCTHh
pereHepanuy BOJIOC U3-32 HECKOJIBKHUX (DAKTOPOB.
Bo-niepBbix, mpu auddepeHIIPOBKE CTBOJIOBBIX
KJIETOK IIPOVCXOAUT ITePEKTIOUEHIE ¢ ITMKOJIN3a Ha
okucauTeabHoe ¢GocopuaInpoBaHue, UTO 3aMefl-
JIIeT TEepexoji BOJIOCA B COCTOSIHHME TeJIOreHa.

Bo-BTOpBIX, HcTOMEHNEe MUTOXOHApuaTbHOU JTHK
MMPOBOLMIPYET PAHHIOK JUCOYHKIIUIO BOJIOCSTHBIX
(G OJITUKYJIOB, UTO MPOABJISAETCA BUAUMBIM BBITIAZE-
HHEeM BoJIoc. Bpl1 Takske cjielaH BaKHBIM BBIBOJI, O
TOM, UTO IIPOIECC BHITIA/IEHUS BOJIOCSHOTO MIOKPOBA
MOKeT OBITH OCTAHOBJIEH IIOCJIE€ OTK/IIOUEHHUS DKC-
MMPECCU MYTAaHTHOTO TPAHCre€Ha, YTO KOCBEHHO
MOJKET CBHJIETEJILCTBOBATh 00 OOpPATHMOCTH OITH-
CAHHBIX BBIIIIE MTPOIIECCOB [45, 46].

Takum 06pa3oM, UMEIOTCS HHTEPECHBIE UCCIIE0-
BaHUS, BBIABUBIIINE CBSA3b MEXK/IY MOJIEKYJISIPHBIMU
MIOBPEXKIEHUAMH BCJIEJICTBUE (DYHKIITMOHUPOBAHUSA
MUTOXOH/IPUN € (PEHOTUNUYECKUMHU IIpU3HAKAMU
CTapeHUs KOKU U BBINaJIEHUEM BOJIOC, a TAKIKE yCTa-
HOBJIEHO, UYTO MHTOXOHJIpHaJbHAA JHUCHYHKIUA
IIPOBOITUPYET AJIOTIEIUIO, CHIKAsI CKOPOCTh pereHe-
parmuu BoJIoc.

3AKJIOYEHUE

CrapeHue — mporiecc, 3aJI0’)KeHHbIA CaMOU ITpH-
POIOH, CIIOKHBI 1 MHOTOKOMITOHEHTHBIH, 3aKJII0-
YaloIIuiics B IOCTEIEHHOM Pa3BUTUU OHOJIOTHYE-
CKUX HapyIIeHWH, KOTOPbIE CUCTEMHO OCJIA0JISIOT
CII0COOHOCTh OpPTraHH3Ma IIPOTUBOCTOATH CTPECCO-
BBIM (aKTOpaM U CIIOCOOCTBYIOT Pa3BUTUIO XPOHU-
yeckux 3a0osieBanuil. OfHAKO GJ1arofapsi MoCTyIa-
TEJIbHOMY Pa3BUTHUI0O MEIUIMHCKUX TEXHOJIOTHI
YeJIOBEUeCTBO He IPOCTO MOJKET I03BOJIUTH cebe
MUHHUMHU3UPOBATH yIepb OT 3TOTO Impoliecca, HO U
CTapeTh «KPAaCHBO». BBHIMVIAETh IPUBJIEKATEb-
HBIM U 3/TOPOBBIM Jla’Ke€ B MTOYTEHHOM BO3pacTe B
COBPEMEHHBIX peanusix — 0ojiee YeM JTOCTHKUMAast
nesab. B janHOM 0030pe OBLIIM OCBEIEHbI, HA HAII
B3IJIsA/I, OCHOBHBIe MoOpdosoruueckrue (GaKkTOpPHI,
MPUBOAAILINE K YXYAIIEHHIO KavyecTBa IIPUYECKH
BCJIEICTBHE BO3PACTHOU asjionenuu. JlajpHenInee
JIeTAIbHOE M3Yy4YeHUe 5TUX (HaKTOPOB HEOOXOAUMO
JUIsI TIOHMMAaHHUsI TOHKUX KJIETOUHBIX MEXaHH3MOB
CTapEeHUs, YTO MO3BOJIUT UX 3aMEJIUTh, a 110 BO3-
MO’KHOCTH M IIOJIHOCTHIO HUBEJIUPOBATh. JlaHHAs
CTpaTerusi BBIUTPHIIIHA B IEPCIIEKTUBE W MOXKET
CYIIIECTBEHHO ITOBJIMATH HA IIPOTPECC B TaKUX cde-
pax MeAuIMHBI, KaK TPUXOJIOTUs, KOCMETOJIOTHS,
repuaTpus, a Tak:Ke 0Ka3aTh BIAUSHUE HA TaAKTHYe-
CKHE MoAXO0Abl (hapMaKOJOTHUYECKUX KOMIIAHHH,
3aHUMAIOIIUXCs  Pa3paboTKON  JIEKApCTBEHHBIX
Cpe/ICTB, HAIIPAaBJIEHHBIX HAa MPOMUIAKTUKY BO3-
pacTHOH ajomerUuu. BBITh MOJKET, CIIyCTsI BPEMS
UMETh ITHHHBIE, TIBIITHbIE, a TJTABHOE, CBOU BOJIOCHI
B CTapuyecKoM Bo3zpacTe OyzeT camo coboii paszyme-
[olelcs 3amaden.

KoH@uaukT nHTEPECOB. ABTOPHI 3aSBJISIOT 00
OTCYTCTBUU KOH(JINKTA UHTEPECOB.
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TPEBOBAHUNA K ITPEJOCTABJIEHNIO MATEPUAJIOB
JJIA ITYBJINKAIIMN B JOURNAL OF SIBERTAN MEDICAL SCIENCES

B Journal of Siberian Medical Sciences (manee —
JSMS) ny6IuKyI0TCs HaydHble 0630phI U CTaThH IO
MEJIUITMHCKUM HayKaM, ITOATOTOBJIEHHBIE TI0 MaTe-
puajiaM OpWTHMHAJIBHBIX HAyYHBIX HCCJIEJOBAHHUU.
JSMS BBIXOIUT 4 pasa B rof,.

TpeboBanus, TpeAbABIsIeMble K ITyOIUKAIU-
aM B JSMS, copmynupoBaHbl ¢ yuyeToM TpeboBa-
HUU, TPEbSIBISIEMBIX K PEIIEeH3UPYEMbIM HAy YHBIM
WU3JTAaHUAM, B KOTOPBIX JIOJI?KHBI OBITH OIyOJTUKOBA-
HBI OCHOBHBbIE HAayYHbIE Pe3yJIbTAThl UCCEPTAIIUI
Ha COWICKAaHWE YUYEHOU CTENEeHH KaHJuaaTa U JOK-
TOpa HayK.

CraTby, OTIIpAaBJIEHHbIE aBTOPAMU B JIPyTHE W3-
JIaHUs W/WIA HalleyaTaHHbIe pPaHee B HUX, K OIy0-
JINKOBAaHUIO HE TPUHUMAIOTCS.

I[Ipy onucaHUM HAYYHO-UCCIIENOBATEIHCKHUX
KJIMHUYECKUX paboT ¢ MIpHBJIEYEHUEM YeJOBeKa
B KauecTBe OObEKTa MCCJIEZIOBAHUS ABTOPBI JOJIK-
HBI YKa3aTh, COOTBETCTBOBAJIA JIU OHH MeEKIyHa-
POAHBIM M POCCUHCKHUM 3aKOHOJATEJIbHBIM aKTaM
0 IOPUIMYECKUX U DTUUECKUX MPUHITUIIAX METUKO-
OUOJIOTUUECKUX UCCIIeIOBAaHUH Takoro poja. He mo-
IyCKAETCS HCIOJIb30BaHUE (PaMUJINNA, WHUIAATIOB
OOJIBHBIX U HOMEPOB HcTopuil Oose3nu. IIpu omu-
CAaHUM SKCIEPUMEHTOB Ha JKHUBOTHBIX HEOOXOmH-
MO YKa3aTh, COOTBETCTBOBAJIO JIU COZIEPIKAHIE U UC-
ITOJIb30BaHUE JIAOOPATOPHBIX }KUBOTHBIX ITPABHUJIAM,
MPUHSATHIM B YUPEKJIEHUH, PEKOMEHTAIUAM HaIlu-
OHAJILHOT'O COBETA II0 MCCJIEIOBAHUAM, HAITHOHAb-
HBIM 3aKOHAM.

ABTOpCKHE ITpaBa cOOJIIOIAIOTCS B COOTBETCTBUU
¢ I'paxkganckum kogexkcoM Poccutickon ®enepariuu
(4. 4) ¥ APYTUMH JAEUCTBYIOIUMU HOPMATHUBHBIMU
JIOKyM€eHTaMH1. ABTOPBI HECYT IIOJIHYIO OTBETCTBEH-
HOCTb 32 COJIEp>KaHUE CTaTewn.

B penmaknuio JSMS aBTOpHI IOJKHBI TIPEAOCTA-
BUTB:

1) 2/1eKMPOHHYIO 8epculd CMambvll, MOATOTOB-
JIEHHYIO B COOTBETCTBUH C TPEOOBAHUAMH K 0(pOPM-
JIEHUIO CTaTeU, U3JI0KEHHBIMU HUKE;

2) opu2uHa/n cmamsu B IEYaTHOM BHU/JIE C yKa3a-
HUEM TOpPOJia, IaThl, GaMUIUU C TIOAIIUCHI0 KaXKI0-
ro aBTopa (Ha mocJieJIHEN CTpaHHUIlE), BU30H «B Tie-
YyaTh» U IOAIUCHIO (HA IIEpBOI CTPAHHUIIE) 3aBeEy-
o1ero kadgepoi MM WHOTO JOJIPKHOCTHOTO JINIIA
opraHu3saiuu, Ha 6a3e KOTOPOU BBHITIOJIHEHO HCCIIE-
JIoBaHUE. ABTOPBI TIPEIOCTABJSIOT CTaTbU B PelaK-
MO JIMYHO UJIH TI0 TIOYTE;

3) coenacue Ha TyOJHKaANUo0 cTatbu B JSMS
u 00paboTKy TepCOHAJIbHBIX JTaHHBIX aBTOPOB (3a-
MOJTHSIETCS KaK/IbIM aBTOpoM) (cM. Ha carite HTMY:
https://jsms.ngmu.ru/zayavlenie_jsms.doc);

4) nns corpyauukos ®I'BOY BO HI'MY Mus-
3npaBa Poccuu (manee — HI'MY) — axcnepmHoe
3axaoveHue OTAesa KOOpAWUHAIMH (deaepabHbIX
MIPOrpaMM, KOHKYPCHBIX MPOEKTOB U MHHOBAIIOH-
HOTO Pa3BUTHUSA yIPaBJIEHUs II0 HayKe, MHHOBAI[U-
sam u uapopmatusanuu HI'MY (cm. www.ngmu.ru);
JULsT CTODOHHHUX aBTOPOB — HanpasaeHue Ha onyo-
AuxosaHue Ha (GpupMeHHOM OJIaHKE OpraHH3aIlUH,
Ha 6a3e KOTOPOH BBITIOJIHEHO OPUTHHAJIPHOE HAy4-
HO€ HCCJIeJIOBAHME, 3a IOJIUCHI0 OTBETCTBEHHOIO
JIOJIZKHOCTHOTO JINIIA.

ITPABUJIA O®OPMJIEHHU A PYKOITUCEN

1. TekcT cTaThu HAOUPAETCS B TEKCTOBOM peZlaK-
Tope Microsoft Word, Open Office u ap., Bce mosns
2 cMm, mpudt Times New Roman, kerip 12, Mex-
CTPOYHBIN HHTEPBAJI 1,5. TekeT cTaThbul HEOOXOAMMO
HampaBuTh B pefaknuio JSMS B BUJie OTAEIBHOTO
daitna ¢ ykazanuem ®11O nepBoro aBropa — MBa-
uoB WU.U. tekct.doc. JlomyckaeTcst oTmpaBka daii-
Ji0B B popmartax doc, docx.

2. ®MIO aBTOpOB HAOWpaeTCs CTPOUYHBIMH OYK-
BaMM KYPCHUBOM Ha PyCCKOM s3bIKe. VIHHITMAIIBI
nomermaoTcs nepex damuaneir apropa. [lopanok,
B KOTOpPOM Oy/IyT YKa3aHbI aBTOPBI, OIIPENIEIAETCS
UX COBMECTHBIM peIlleHUeM.

3. Topon u HazBaHue MecT pabOTHI aBTOPOB
oopMIISIOTCA CTPOYHBIMU OyKBaMH KypPCHBOM
Ha pyCCKOM f3bIKe.

4. CraTbs [IOJDKHA COZEp:KaTh AaHHOTAIIHIO
Ha PyCCKOM fI3bIKE. B aHHOTAIIUH JIOJI?KHBI OBITH U3-
JIO’KEHBl IeJIM HCCJIe/JOBaHUA, OCHOBHBIE IIpOlle-
JIlypbl, pe3yJIbTaTbl OPUTUHAJIBHBIX HCCIEAOBAHUN
¥ BBIBOJIBL. [10J1 aHHOTAIIMEN TTOMeEIaeTcs MoI3aro-
J10BOK «KitoueBbie c10Ba», IOCjae HEro 10 10 K-
YeBBIX CJIOB WJIM KOPOTKHUX (pas, KOTOpble OyayT
CIIOCOOCTBOBATh TPABUJIBHOMY HMHEKCHPOBAHUIO
CTaThU B IIOMCKOBBIX CUCTEMax U CUCTeMax LIUTHUPO-
BaHUsA. AHHOTAIIMIO HEOOXOJUMO HAIIPABUTh B pe-
gaxmuio JSMS BMecTe ¢ TEKCTOM CTaThbU B BHUJIE OT-
nenpHOTO (daiia ¢ ykazanuem ®1O mepBoro aBTo-
pa — WBanoB WM.U. annorarus.doc. Takike mpezo-
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CTaBJIAIOTCA CBEJIEHIUS O KaXKA0M U3 aBTOPOB: haMu-
JINSA, UM, OTYECTBO (IIOJTHOCTBHIO HA PYCCKOM SI3BIKE
U B TPAHCJIUTEPAIINH), YUeHbIe 3BAHUSA U YUeHasI CTe-
TIeHb, TOJKHOCTh, MECTO PaboThl, pabounii TeaedoH
U aJipec 3JIeKTPOHHOM mouThI (e-mail). CBezeHus He-
ob6xoauMBI 711 06paboTKY MybIuKaIuii B 6ase gaH-
HbIX Poccniickoro nHAeKca HAYIHOTO ITUTHPOBAHUS
U PYTUX cCUCTEMaX IUTUPOBAHMA. AHHOTAIUS, KITI0-
yeBble CJI0Ba, nHpoOpManus 06 aBTopax U Ha3BaHUeE
VUpEXIEHUH AOJKHBI OBITh TAKXKe ITPEIOCTABIEHBI
Ha aHTJIMHACKOM SI3bIKE.

5. TabauIpl MOMENAIOTCS B TEKCT cTaThu. Tabu-
IIbI JIOJKHBI OBITH MTPOHYMEPOBAHBI IIOCIIETIOBATETHHO
B COOTBETCTBHUU C ITOPSAKOM, B KOTOPOM OHH YIIOMH-
HAIOTCsA B TeKcTe (Harmpumep, TabJl. 1, Tabst. 2 U T. 11.).

6. PucyHKU BCTaBJIAIOTCA B TEKCT CTATBhH, a TaK-
JKe IIPeJIOCTABJIAIOTCS B BHJIE OT/E/IbHBIX IIPOHYMe-
poBaHHBIX (ailioB ¢opmara .jpg win .gif ¢ paspe-
meHueM He MeHee 300 dpi. PucyHku mOJKHBI OBITH
KOHTPACTHBIMU U YETKUMHU, OYKBBI, HUGPBI U CHUM-
BOJIBI HA HUX JIOJI’KHBI OBITh PA3JIMUUMBI. PHUCyHKa-
MU CYHTAIOTCA I'padUuKy, peHTreHorpaMMbl, GhOTo-
rpaduu wau JroOble Jpyrue rpaduueckue 0ObeK-
ThI. ®oTOrpadu el He TOJIKHBI ObITH Y3HABae-
MBIMH, JTUOO K HUM JIOJKHO OBITH ITPUJIOZKEHO ITHCh-
MeHHOe paspellleHre Ha UX IIyOJuKaiuo. PucyHkn
JIOJKHBI OBITh MPOHYMEPOBAHbI IMOCJIEIOBATETHHO
B COOTBETCTBUU C MOPSAIKOM, B KOTOPOM OHHU BIIED-
BbI€ YIIOMHUHAIOTCSI B TEKCTE — PHUC. 1, PUC. 2 U T. [I.
IMoamucu pa3MenialTcs B TEKCTE IOJT PUCYHKAMHU.
B nmoamucax k mukpodororpadusaM ykKasblBaeTcsA
CTEIeHb YBeJTMYEHU U CII0CO0 OKPACKHU.

7. B TEKCTe CTaThU UCIIOJIH3YIOTCS CIIEAYIONIHUE 3a-
TOJIOBKU: BBeJIEHUE, IIeJIh FCCJIEZIOBAHUS, MaTepra-
JIB 1 METOJIbI, PE3YJIBTATHI U 00CYK/IeH1e, 3aKITI0Ue-
HUeE, CIIUCOK JINTEPATYPHI.

8. Hcnonb3yoTes TOJIBKO CTaHZAPTHBIE OOIIIe-
MpUHATHIE cOKpameHus (abbpesuarypsl). He mpu-
MEHSIOTCS COKpAIlleHUsI B Ha3BaHUU cTaThu. I[loji-
HBI TEPMUH, BMECTO KOTOPOT'O BBOAUTCS COKpAIIe-
HUe, JOJKEH IIPEAIIeCTBOBATh IIEPBOMY UCIIOJIH30-
BaHUIO TOTO COKPAIIEHUS B TEKCTE.

9. O06s13aTeIPHO HAJIMYWE CITHCKA JIUTEPATYPHI.
Bubnuorpaduyueckue CChIKM B TEKCTE CTAThU Ja-
I0TCsA apabckuMu 1udpaMu B KBaJpaTHBIX CKOO-
KaX, B IIOJTHOM COOTBETCTBUU C HyMepaIuel crucka
suTeparypsl. CCUIKU B TeKCTe CTAaThU JIOJIKHBI /1a-
BaThCs MOCJIEIOBATEIBHO IO Bo3pacTanuio: [1]...[2]...
[3]... u T.1. Pa3BepHyTOE OMMCaHUE UCTOUHUKA B CITH-
cke yutepaTypsl npegoctapiasgoTesa mo 'OCT 7.0.5-
2008. Crucok JuTepaTypshl AOJKEH COZlep:KaTh IIy-
OGmKaIuu 3a MoCJIeIHUE 5 JIeT. B crimcke siurepary-
pbI Bce MH(POPMAIMOHHBIE UCTOYHUKU IT€PEIUCIIA-
IOTCs B IOPSIZIKE UX ITUTHPOBAHUS.

10. Pegaxmus JSMS Gepet Ha cebs mpucBOeHUE
KaXK/Iol mybsinKyeMo# cratbe HoMepa Y/IK u ocy-
IIECTBJIEHUE TIOJTHOTO IIepeBO/ia CTaThU HA aHIVIMH-
CKUU A3BIK.

11. CTaThbH, HE COOTBETCTBYIOIIHE YKA3aHHBIM pe-
JlakIend TpebOBaHUAM, K OITyOJIMKOBAHUIO HE TIPU-
HHUMAIOTCA.

IMOPAAOK PEITEH3MMPOBAHUA
PYKOIIUCEN, TIPUHUMAEMBIX
AJIA ITYBJINKAIIN N

1. Pykomucu crared, HOCTYIIHUBIINX B PEJAKITHIO,
HAIPABJISAIOTCA ISl PEIEH3UPOBAHUS UIeHAM pe-
JIAKIIMOHHOTO COBETA C IEJIbI0 UX DKCIIEPTHOU OIleH-
K{ Ha IpeJMeT COOTBeTCTBHUsA TpeboBaHuAM JSMS
u Bricimeii arTecTallMOHHOM KoMuccuu Iipu MuHU-
crepcTBe oOpa3oBaHus u HayKu PO.

PerieH3eHTBI YBEIOMJIAIOTCA O TOM, UTO B IIEJISAX
obecrievueHNsI aBTOPCKUX U APYTUX HEHMMYIIECTBEH-
HBIX IIPaB IPHUCJIAHHbIE PYKOIIUCH He ITOJIJIEXKAT pas-
IANIEHUI0, KOTUPOBAHUIO, PACIIPOCTpaHEHUI0. Pe-
[IEH3UPOBAHUE ITPOBOIUTCSI AHOHUMHO.

ITpu oTKa3e B HAIIpABJIEHNHU Ha PelleH3UPOBaHUE
IIpe/ICTaBJIEHHON aBTOPOM PYKOITHCH PEJIaKIvs Ha-
IIpaBJIsieT aBTOPY MOTUBHUPOBAHHBIN OTBET B DJIEK-
TPOHHOM BUJIE.

Pepaknusa »KypHasia IO MHCHBMEHHOMY 3aIlpOCy
HaIpaBJIsIeT aBTOPAM peIEeH3UN HA IOCTYIUBIINE
MaTepuasibl B 3JIEKTPOHHOM BHJIe. ABTOPBI 00sI3aHbI
Y4eCcTh 3aMeYaHUs PENEH3EHTOB H BHECTH B CTaThIO
COOTBETCTBYIOIIIHE UCIIPABJIEHUS UJIU IIPEIOCTABUTH
MOTHUBHUPOBAHHBIN OTBET O HECOIVIACUHU C 3aMeYaHU-
sIMU pelleH3€eHTa.

PemakmyonHas KoJUIETHsi IPUHUMAET DPellleHue
0 BO3MOXKHOCTHU IYOJIMKAIIUU CTAThU UJIM OTKJIOHS-
€T ee IO pe3yJIbTaTaM PelleH3NPOBAHHUA.

Penensun XpaHATCS B peIaKIINU JKypHAJIA B Te-
YyeHUe 5 JIET C MOMEHTA Iy INKaIIH.

2. Pepaknipielt He IOMTyCKAIOTCA K Iy OJIMKAT[AH:

— CTaTbhHU, TEMATHKA KOTOPBIX HE COOTBETCTBYET
HAayYHOMY HAIIPaBJIEHUIO KYyPHAJIA;

— CTaThH, aBTOPHI KOTOPBIX OTKA3BIBAIOTCSA OT
TEXHHYECKOH JOpaOOTKU CTaTew;

— CTaTbhH, aBTOPBI KOTOPHIX HE BHECIIN KOHCTPYK-
TUBHBIE 3aMEUaHUs PEIeH3eHTa B TEKCT CTaThbU
U He IIPEJI0CTaBUIIN MOTHUBHUPOBAHHBIN OTBET O HECO-
IVIACHU C 3aMEYAHUSIMHU PEIleH3eHTA.

B ciryyae OTKJIOHEHU S CTaThH PEJAKIINS HATIPaB-
JISIET aBTOPY MOTHBHPOBAHHBIA OTKa3. Pemakius
JSMS He XpaHUT PYKOIIUCU, HE IPUHATHIE K IeUa-
TH. Pykonucu, mpuHATHIE K ITyOJINKAN, He BO3Bpa-
IAI0TCA.
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